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(57) ABSTRACT 
The present invention provides an antibody composition 
which specifically binds to CD20 and comprises an antibody 
molecule which has complex N-glycoside-linked Sugar 
chains bound to the Fc region; a process for producing the 
antibody composition; and a medicament comprising the 
antibody composition. 
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FIG. 13 
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ANTIBODY COMPOSITION WHICH 
SPECIFICALLY BINDS TO CD2O 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an antibody com 
position which is useful for treating diseaseS relating to 
CD20-positive cells such as B cell lymphoma and the like, 
a cell for producing the antibody composition, and a proceSS 
for producing the antibody composition using the cell. 
0003 2. Brief Description of the Background Art 
0004 Since antibodies have high binding activity, bind 
ing Specificity and high Stability in blood, their applications 
to diagnosis, prevention and treatment of various human 
diseases have been attempted Monoclonal Antibodies Prin 
ciples and Applications, Wiley-Liss, Inc., Chapter 2.1 
(1995). Also, production of a humanized antibody such as 
a human chimeric antibody or a human complementarity 
determining region (hereinafter referred to as “CDR')- 
grafted antibody from an antibody derived from a non 
human animal have been attempted by using genetic recom 
bination techniques. The human chimeric antibody is an 
antibody in which its antibody variable region (hereinafter 
referred to as “V region”) is an antibody derived from a 
non-human animal and its constant region (hereinafter 
referred to as “C region”) is derived from a human antibody. 
The human CDR-grafted antibody is an antibody in which 
the CDR of a human antibody is replaced by CDR of an 
antibody derived from a non-human animal. 
0005. It has been found that five classes, namely IBM, 
IgD, IgG, IgA and IgE, are present in antibodies derived 
from mammals. Antibodies of a human IgG class are mainly 
used for diagnosis, prevention and treatment of various 
human diseases because they have functional characteristics 
Such as long half-life in blood, various effector functions and 
the like Monoclonal Antibodies. Principles and Applica 
tions, Wiley-Liss, Inc., Chapter 1 (1995). The human IgG 
class antibody is further classified into the following 4 
Subclasses: IgG1, IgG2, IgG3 and IgG4. A large number of 
Studies have So far been conducted for antibody-dependent 
cell-mediated cytotoxic activity (hereinafter referred to as 
“ADCC activity”) and complement-dependent cytotoxic 
activity (hereinafter referred to as “CDC activity”) as effec 
tor functions of the IgG class antibody, and it has been 
reported that among antibodies of the human IgG class, the 
IgG1 subclass has the highest ADCC activity and CDC 
activity Chemical Immunology, 65, 88 (1997)). Actually, it 
has been reported that, although depletion of CD20-positive 
B cells is detected when an anti-CD20-chimeric antibody of 
the IgG1 Subclass is administered to a monkey, the depletion 
is not detected when the antibody of the IgG4 class is used. 
In View of the above, among commercially available anti 
bodies for treatments, most of the anti-tumor humanized 
antibodies which require high effector functions for the 
expression of their effects are antibodies of the human IgG1 
Subclass. 

0006 CD20, also called Bp3S, is a polypeptide of about 
35 kDa, and was identified as a human B lymphocyte 
Specific antigen B1 using a monoclonal antibody J. Immu 
nol., 125, 1678 (1980)). It is considered that CD20 is a 
four-transmembrane molecule, functions as a calcium chan 
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nel, and relates to activation, proliferation and differentiation 
of B cells Immunology Today, 15, 450 (1994). Expression 
of CD20 is limited to the stage from pre-B cells to mature 
B cells, and CD20 is not expressed in undifferentiated cells 
and plasma cells. Also, Since CD20 has Such characteristics 
that CD20 expresses in 90% or more of B cell non-Hodgkin 
lymphoma and does not internalize into cells even when an 
antibody is bound thereto, treatment of B cell lymphoma by 
an anti-CD20 antibody has been attempted for a long time 
Blood, 69, 584 (1987). However, since a mouse mono 
clonal antibody was used in the early Stage, a human 
antibody for the mouse antibody (MAMA, Human Anti 
Mouse Antibody) was induced in the human body and it 
lacked in the effector function, So that its therapeutic effect 
was limited. Accordingly, an attempt was made to prepare a 
chimeric antibody of a mouse antibody with a human IgG1 
Subclass using genetic recombination techniques J. Immu 
nol., 139, 3521 (1987), WO 88/04936). In addition, it has 
been confirmed by tests using monkeys that a chimeric 
antibody IDEC-C2B8, a human IgG1 subclass prepared 
using a mouse monoclonal antibody 2B8 has an activity to 
deplete CD20-positive cells even in the living body Blood, 
83, 435 (1994), WO94/11026), and this antibody was put on 
the market in November, 1997, in the United States as 
Rituxan'M (manufactured by IDEC/Genentech, also called 
Rituximab, and hereinafter referred to as "Rituxan'M”) via 
clinical tests. 

0007. The phase m study of Rituxan TM in the United 
States was carried out by administration to 166 cases of 
relapsed low grade and follicular lymphomas at a dose of 
375 mg/m°/week for 4 weeks, and the efficacy was 48% 
(complete remission; 6%, partial remission: 42%) J. Clin. 
Oncol., 16, 2825 (1998)). As the action mechanism of 
Rituxan TM, activity to induce apoptosis in cells by crosslink 
ing CD20 in addition to its ADCC activity and CDC activity 
are considered Current Opinion in Immunology, 11, 541 
(1999)). Regarding the CDC activity, since the sensitivity 
varies depending on the target B lymphoma cell, discussions 
have been made on a possibility of increasing therapeutic 
effect of RituxanTM by inhibiting the function of comple 
ment inhibitory molecules CD55 and CD59 considered to 
relate its control Current Opinion in Immunology, 1, 541 
(1999). However, it has been also reported that the expres 
Sion of these inhibitory molecules in tumor cells of patients 
and in vitro sensitivity of the CDC activity are not always 
correlative with clinical results Blood, 9, 1352 (2001)). In 
addition, it has been shown by an examination using a model 
mouse transplanted with a human B lymphoma cell line Raji 
cell that the ADCC activity via an antibody receptor (here 
inafter, the antibody receptor is called FcyR) is important for 
the antitumor effect Nature Medicine, 6, 443 (2000)). 
0008 Combined use of Rituxan'TM and chemotherapy 
(CHOP; Cyclophosphamide, Doxorubicin, Vincristine, 
Prednisone) has been examined, and it has been reported that 
the efficacy in the phase II study was 95% (complete 
remission; 55%, partial remission; 45%) in 40 cases of 
low-grade and follicular lymphomas, but with Side effects 
caused by CHOP. J. Clin. Oncol., 17, 268 (1999)). In 
addition, radioisotope-labeled antibodies Such as Zevalin 
(manufactured by IDEC) and Bexxar (manufactured by 
Corixa) have been developed as other anti-CD20 antibodies 
for treatments, but Since both of them are mouse antibodies 
and a radioactive isotope is used therein, there is a possi 
bility of causing Side effects due to their strong toxicity. 
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0009 Expression of ADCC activity and CDC activity of 
the human IgG1 Subclass antibodies requires binding of the 
Fc region of the antibody to an antibody receptor existing on 
the Surface of an effector cell, Such as a killer cell, a natural 
killer cell, an activated macrophage or the like and various 
complement components. Regarding the binding, it has been 
Suggested that Several amino acid residues in the hinge 
region and the Second domain of C region (hereinafter 
referred to as “Cy2 domain”) of the antibody are important 
Eur, J. Immunol., 23, 1098 (1993); Immunology, 86,319 
(1995); Chemical Immunology, 65, 88 (1997); Chemical 
Immunology, 65, 88 (1997)). Regarding Rituxan"M, as a 
result of the Study using the antibody in which an amino acid 
of the Cy2 domain was Substituted, amino acids which are 
mainly important for CDC activity have been identified J. 
Immunol., 164, 4178 (2000); J. Immunol., 166, 2571 
(2001)). 
0.010 Furthermore, importance of a sugar chain bound to 
the Cy2 domain is suggested J. Immunology, 65,88 (1997)). 
Regarding the Sugar chain, Boyd et al. have examined effects 
of a Sugar chain on the ADCC activity and CDC activity by 
treating a human CDR-grafted antibody CAMPATH-1H 
(human IgG1 Subclass) produced by a Chinese hamster 
ovary cell (hereinafter referred to as “CHO cell”) or a mouse 
myeloma NSO cell (hereinafter referred to as “NSO cell”) 
with various Sugar hydrolyzing enzymes, and reported that 
elimination of the non-reducing end Sialic acid did not have 
influence upon both activities, but the CDC activity alone 
was affected by further elimination of galactose residue and 
about 50% of the activity was decreased, and that complete 
elimination of the Sugar chain caused disappearance of both 
activities Molecular Immunol., 32, 1311 (1995). Also, 
Lifely et al. have analyzed the Sugar chain bound to a human 
CDR-grafted antibody CAMPATH-1H (human IgG1 sub 
class) which was produced by CHO cell, NSO cell or rat 
myeloma YO cell, measured its ADCC activity, and reported 
that the CAMPATH-1H derived from YO cell showed the 
highest ADCC activity, Suggesting that N-acetylglu 
cosamine (hereinafter referred also to as “GlcNAc) at the 
bisecting position is important for the activity Glycobiol 
ogy, 5,813 (1995); WO99/54342). These reports indicate 
that the Structure of the Sugar chain plays an important role 
in the effector functions of human antibodies of IgG1 
Subclass and that it is possible to prepare an antibody having 
higher effector function by changing the Structure of the 
Sugar chain. However, actually, Structures of Sugar chains 
are various and complex, and it cannot be said that an actual 
important structure for the effector function was identified. 
0011. As an example of the modification of the Sugar 
chain Structure of a product by introducing a gene of an 
enzyme relating to the modification of Sugar chains into a 
host cell, it has been reported that a protein in which Sialic 
acid is added in a large number to the non-reducing end of 
a Sugar chain can be produced by introducing rat B-galac 
toside-C2,6-sialyltransferase into CHO cell J. Bol. Chem., 
261, 13848 (1989)). 
0012. Also, expression of an H antigen in which fucose 
(hereinafter referred also to as “Fuc') is bound to the 
non-reducing end of a Sugar chain (FucC.1-2Calf1-) has 
been confirmed by introducing human O-galactoside-2-C.- 
fucosyltransferase into a mouse L cell Science, 252, 668 
(1991)). Furthermore, based on the knowledge that binding 
of the bisecting N-acetylglucosamine of N-glycoside-linked 
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Sugar chains is important for the ADCC activity of antibod 
ies, Umana et al. have prepared a B-1,4-N-acetylglu 
cosamine transferase m (GnTIII)-expressing CHO cell and 
compared with the parent strain. No expression of GnTIII 
was observed in the parent CHO cell J Biol. Chem., 5, 
13370 (1984), and it has been confirmed that the antibody 
expressed using the prepared GnTIII-expressing CHO cell 
has higher ADCC activity than the antibody expressed in the 
parent cell Nature Biotechnol., 17, 176 (1999); WO 
99/54342). In this case, Umana et al. have also prepared a 
f-1,4-N-acetylglucosamine transferase V (GnTV) gene-in 
troduced CHO cell and reported that over-expression of 
GnTIII or GnTV shows toxicity upon CHO cell. Regarding 
Rituxan TM, it has been reported that the antibody prepared 
using the GnTIII-introduced CHO cell shows higher ADCC 
activity than the antibody expressed in the parent cell, and 
difference in the activity is approximately 10 to 20 times 
Biolechnol. Bioeng, 74, 288 (2001)). 

0013 Since the effector function-enhanced anti-CD20 
antibody shows increased therapeutic effects, alleviation of 
patient's burden can be expected by its reduced dose. In 
addition, other effects Such as reduction of Side effects can 
also be expected, because combined use with chemotherapy, 
a radioactive isotope or the like becomes unnecessary. 

SUMMARY OF THE INVENTION 

0014) An object of the present invention is to provide an 
anti-CD20 antibody-producing cell in which an effector 
function is enhanced, an anti-CD-20 antibody composition 
in which an effector function is enhanced, a process for 
producing the antibody composition, a medicament com 
prising the antibody composition, and the like. 

0015 The present invention relates to the following (1) to 
(48). 
0016 (1) A cell which produces an antibody composition 
comprising an antibody molecule which Specifically binds to 
CD20 and has complex N-glycoside-linked Sugar chains 
bound to the Fc region, wherein among the total complex 
N-glycoside-linked Sugar chains bound to the Ec region in 
the composition, the ratio of a Sugar chain in which fucose 
is not bound to N-acetylglucosamine in the reducing end in 
the Sugar chain is 20% or more. 

0017 (2) The cell according to (1), wherein the Sugar 
chain to which fucose is not bound is a complex M-glyco 
Side-linked Sugar chain in which 1-position of fucose is not 
bound to 6-position of N-acetylglucosamine in the reducing 
end through C-bond. 

0018 (3) The cell according to (1) or (2), wherein the 
activity of an enzyme relating to the Synthesis of an intra 
cellular Sugar nucleotide, GDP-fucose, and/or the activity of 
an enzyme relating to the modification of a Sugar chain in 
which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain is decreased or 
deleted. 

0019 (4) The cell according to (3), wherein the enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose is an enzyme Selected from the group consist 
ing of the following (a), (b) and (c): 
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0020 (a) GMD (GDP-mannose 4,6-dehydratase); 
0021 (b) FX (GDP-keto-6-deoxymannose 3.5-epime 
rase, 4-reductase); 

0022 (c) GFPP (GDP-beta-L-fucose pyrophosphory 
lase). 

0023 (5) The cell according to (4), wherein the GMD is 
a protein encoded by a DNA of the following (a) or (b): 

0024 (a) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:41; 

0.025 (b) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
SEQ ID NO:41 under stringent conditions and encodes 
a protein having GMD activity. 

0026 (6) The cell according to (4), wherein the GMD is 
a protein Selected from the group consisting of the following 
(a), (b) and (c): 

0027 (a) a protein comprising the amino acid Sequence 
represented by SEQ ID NO:61; 

0028 (b) a protein which consists of an amino acid 
Sequence in which at least one amino acid is deleted, 
Substituted, inserted and/or added in the amino acid 
sequence represented by SEQID NO:61 and has GMD 
activity; 

0029 (c) a protein which consists of an amino acid 
Sequence having a homology of at least 80% with the 
amino acid sequence represented by SEQ ID NO:61 
and has GMD activity. 

0030 (7) The cell according to (4), wherein the Fxis a 
protein encoded by a DNA of the following (a) or (b): 

0031 (a) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:48; 

0.032 (b) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
SEQ ID NO:48 under stringent conditions and encodes 
a protein having FX activity. 

0033 (8) The cell according to (4), wherein the FX is a 
protein Selected from the group consisting of the following 
(a), (b) and (c): 

0034 (a) a protein comprising the amino acid Sequence 
represented by SEQ ID NO:62; 

0035) (b) a protein which consists of an amino acid 
Sequence in which at least one amino acid is deleted, 
Substituted, inserted and/or added in the amino acid 
sequence represented by SEQ 1) NO:62 and has FX 
activity, 

0036) (c) a protein which consists of an amino acid 
Sequence having a homology of at least 80% with the 
amino acid sequence represented by SEQ ID NO:62 
and has FX activity. 

0037 (9) The cell according to (4), wherein the GFPP is 
a protein encoded by a DNA of the following (a) or (b): 

0038) (a) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:51; 

0.039 (b) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
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SEQ ID NO:51 under stringent conditions and encodes 
a protein having GFPP activity. 

0040 (10) The cell according to (4), wherein the GFPP is 
a protein Selected from the group consisting of the following 
(a), (b) and (c): 

0041 (a) a protein comprising the amino acid Sequence 
represented by SEQ ID NO:63; 

0042 (b) a protein which consists of an amino acid 
Sequence in which at least one amino acid is deleted, 
Substituted, inserted and/or added in the amino acid 
sequence represented by SEQ ID NO:63 and has GFPP 
activity; 

0043 (c) a protein which consists of an amino acid 
Sequence having a homology of at least 80% with the 
amino acid sequence represented by SEQ ID NO:63 
and has GFPP activity. 

0044) (11) The cell according to (3), wherein the enzyme 
relating to the modification of a Sugar chain in which 
1-position of fucose is bound to 6-position of the N-acetyl 
glucosamine in the reducing end through C-bond in the 
complex N-glycoside-linked Sugar chain is C.1,6-fucosyl 
transferase. 

0045 (12) The cell according to (11), wherein the c1,6- 
fucosyltransferase is a protein encoded by a DNA of the 
following (a), (b), (c) and (d): 

0046 (a) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:1; 

0047 (b) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:2; 

0048 (c) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
SEQED NO:1 under stringent conditions and encodes 
a protein having C1,6-fucosyltransferase activity; 

0049) (d) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
SEQ ID NO:2 under stringent conditions and encodes 
a protein having C1,6-fucosyltransferase activity. 

0050 (13) The cell according to (11), wherein the C.1,6- 
fucosyltransferase is a protein Selected from the group 
consisting of the following (a), (b), (c), (d), (e) and (f): 

0051 (a) a protein comprising the amino acid Sequence 
represented by SEQ ID NO:23; 

0.052 (b) a protein comprising the amino acid 
sequence represented by SEQ ID NO:24, 

0053 (c) a protein which consists of an amino acid 
Sequence in which at least one amino acid is deleted, 
Substituted, inserted and/or added in the amino acid 
sequence represented by SEQ ID NO:23 and has C.1,6- 
fucosyltransferase activity; 

0054 (d) a protein which consists of an amino acid 
Sequence in which at least one amino acid is deleted, 
Substituted, inserted and/or added in the amino acid 
sequence represented by SEQ ID NO:24 and has C.1,6- 
fucosyltransferase activity; 

0055 (e) a protein which consists of an amino acid 
Sequence having a homology of at least 80% with the 
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amino acid sequence represented by SEQ ID NO:23 
and has C.1,6-fucosyltransferase activity; 

0056 (f) a protein which consists of an amino acid 
Sequence having a homology of at least 80% with the 
amino acid sequence represented by SEQ ID NO:24 
and has C.1,6-fucosyltransferase activity. 

0057 (14) The cell according to any one of (3) to (13), 
wherein the enzyme activity is decreased or deleted by a 
technique Selected from the group consisting of the follow 
ing (a), (b), (c), (d) and (e): 

0058 (a) a gene disruption technique targeting a gene 
encoding the enzyme; 

0059 (b) a technique for introducing a dominant nega 
tive mutant of a gene encoding the enzyme; 

0060 (c) a technique for introducing mutation into the 
enzyme, 

0061 (d) a technique for inhibiting transcription or 
translation of a gene encoding the enzyme; 

0062 (e) a technique for selecting a cell line resistant 
to a lectin which recognizes a Sugar chain in which 
1-position of fucose is bound to 6-position of N-acetyl 
glucosamine in the reducing end through C-bond in the 
complex N-glycoside-linked Sugar chain. 

0063 (15) The cell according to any one of (1) to (14), 
which is resistant to at least a lectin which recognizes a Sugar 
chain in which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain. 

0064 (16) The cell according to any one of (1) to (15), 
which is a cell Selected from the group consisting of the 
following (a) to (j): 

0065 (a) a CHO cell derived from a Chinese hamster 
ovary tissue; 

0066 (b) a rat myeloma cell line, 
3HLP2.G11.16Ag.20 cell; 

0067 (c) a mouse myeloma cell line, NS0 cell; 
0068 (d) a mouse myeloma cell line, SP2/0-Ag14 cell; 
0069 (e) a BHK cell derived from a Syrian hamster 
kidney tissue; 

0070 a monkey COS cell; 
0.071) 
0072) 
0073) 
0074) 

0075 (17) A transgenic non-human animal or plant or the 
progenies thereof into which an antibody molecule which 
specifically binds to CD20 and has complex N-glycoside 
linked Sugar chains bound to the Fc region is introduced, 
which produces an antibody composition comprising the 
antibody molecule, wherein among the total complex 
M-glycoside-linked Sugar chains bound to the Fc region in 
the composition, the ratio of a Sugar chain in which fucose 
is not bound to N-acetylglucosamine in the reducing end in 
the Sugar chain is 20% or more. 

(g) an antibody-producing hybridoma cell; 
(h) a human leukemia cell line, Namalwa cell; 
(i) an embryonic stem cell; 
(i) a fertilized egg cell. 
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0076 (18) The transgenic non-human animal or plant or 
the progenies thereof according to (17), wherein the Sugar 
chain in which fucose is not bound to N-acetylglucosamine 
is a Sugar chain in which 1-position of the fucose is not 
bound to 6-position of N-acetylglucosamine in the reducing 
end through C-bond in the N-glycoside-linked Sugar chain. 
0077 (19) The transgenic non-human animal or plant or 
the progenies thereof according to (17) or (18), wherein a 
genome is modified Such that the activity of an enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose and/or the activity of an enzyme relating to the 
modification of a Sugar chain in which 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the N-glycoside-linked Sugar 
chain is decreased, 
0078 (20) The transgenic non-human animal or plant or 
the progenies thereof according to (17) or (18), wherein a 
gene encoding the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or a gene 
encoding the enzyme relating to the modification of a Sugar 
chain in which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the N-glycoside-linked Sugar chain is knocked out. 
0079 (21) The transgenic non-human animal or plant or 
the progenies thereof according to (19) or (20), wherein the 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose is an enzyme selected from the 
group consisting of the following (a), (b) and (c): 

0080 (a) GMD (GDP-mannose 4,6-dehydratase); 
0081 (b) FX (GDP-keto-6-deoxymannose 3.5-epime 
rase, 4-reductase); 

0082 (c) GFPP (GDP-beta-L-fucose pyrophosphory 
lase). 

0083) (22) The transgenic non-human animal or plant or 
the progenies thereof according to (21), wherein the GMD 
is a protein encoded by a DNA of the following (a) or (b): 

0084 (a) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:41; 

0085 (b) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
SEQ ID NO:41 under stringent conditions and encodes 
a protein having GMD activity. 

0.086 (23) The transgenic non-human animal or plant or 
the progenies thereof according to (21), wherein the FX is a 
protein encoded by a DNA of the following (a) or (b): 

0087 (a) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:48; 

0088 (b) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
SEQ ID NO:48 under stringent conditions and encodes 
a protein having FX activity. 

0089 (24) The transgenic non-human animal or plant or 
the progenies thereof according to (21), wherein the GFPP 
is a protein encoded by a DNA of the following (a) or (b): 

0090 (a) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:51; 
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0.091 (b) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
SEQ ID NO:51 under stringent conditions and encodes 
a protein having GFPP activity. 

0092 (25) The transgenic non-human animal or plant or 
the progenies thereof according to (19) or (20), wherein the 
enzyme relating to the modification of a Sugar chain in 
which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the N-glycoside-linked Sugar chain is C1,6-fucosyltrans 
ferase. 

0093 (26). The transgenic non-human animal or plant or 
the progenies thereof according to (25), wherein the C.1,6- 
fucosyltransferase is a protein encoded by a DNA Selected 
from the group consisting of the following (a), (b), (c) and 
(d): 

0094 (a) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:1; 

0.095 (b) a DNA comprising the nucleotide sequence 
represented by SEQ ID NO:2; 

0096) (c) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
SEQ ID NO:1 under stringent conditions and encodes 
a protein having C1,6-fucosyltransferase activity; 

0097 (d) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented by 
SEQ ID NO:2 under stringent conditions and encodes 
a protein having C1,6-fucosyltransferase activity. 

0.098 (27) The transgenic non-human animal or plant or 
the progenies thereof according to any one of (17) to (26), 
wherein the transgenic non-human animal is an animal 
Selected from the group consisting of cattle, sheep,goat, pig, 
horse, mouse, rat, fowl, monkey and rabbit. 
0099 (28) The cell according to any one of (1) to (16), 
wherein the antibody molecule is a molecule Selected from 
the group consisting of (a), (b), (c) and (d): 

0100 (a) a human antibody; 
0101 (b) a humanized antibody, 
0102 (c) an antibody fragment comprising an Fc 
region of (a) or (b); 

0103 (d) a fusion protein comprising an Fc region of 
(a) or (b). 

0104 (29) The cell according to any one of (1) to (16) and 
(28), wherein the antibody molecule belongs to an IgG class. 
0105 (30) The cell according to any one of (1) to (16), 
(28) and (29), wherein the antibody molecule comprises 
complementarity determining regions 1, 2 and 3 of an 
antibody light chain variable region comprising the amino 
acid sequences represented by SEQ ID NOS:5, 6 and 7, 
respectively, and/or complementarity determining regions 1, 
2 and 3 of an antibody heavy chain comprising the amino 
acid sequences represented by SEQ ID NOS:8, 9 and 10, 
respectively. 

0106 (31) The cell according to any one of (1) to (16), 
(28), (29) and (30), wherein the antibody molecule com 
prises a light chain variable region comprising the amino 
acid sequence represented by SEQID NO:12 and/or a heavy 
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chain variable region comprising the amino acid Sequence 
represented by SEQ ID NO 14. 

0107 (32) The transgenic non-human animal or plant or 
the progenies thereof according to any one of (17) to (27), 
wherein the antibody molecule is a molecule Selected from 
the group consisting of (a), (b), (c) and (d): 

0108) (a) a human antibody; 

0109) (b) a humanized antibody; 

0110 (c) an antibody fragment comprising an Fc 
region of (a) or (b); 

0111 (d) a fusion protein comprising an Fc region of 
(a) or (b). 

0112 (33) The transgenic non-human animal or plant or 
the progenies thereof according to any one of (17) to (27) 
and (32), wherein the antibody molecule belongs to an IgG 
class. 

0113 (34) The transgenic non-human animal or plant or 
the progenies thereof according to any one of (17) to (27), 
(32) and (33), wherein the antibody molecule comprises 
complementarity determining regions 1, 2 and 3 of an 
antibody light chain variable region comprising the amino 
acid sequences represented by SEQ ID NOS:5, 6 and 7, 
respectively, and/or complementarity determining regions 1, 
2 and 3 of an antibody heavy chain comprising the amino 
acid sequences represented by SEQ ID NOS:8, 9 and 10, 
respectively. 

0114 (35) The transgenic non-human animal or plant or 
the progenies thereof according to any one of (17) to (27), 
(32), (33) and (34), wherein the antibody molecule com 
prises a light chain variable region comprising the amino 
acid sequence represented by SEQ ID NO:12 and/or a heavy 
chain variable region comprising the amino acid Sequence 
represented by SEQ ID NO:14. 

0115 (36) An antibody composition which is produced 
by the cell according to any one of (1) to (16) and (28) to 
(31). 
0116 (37) An antibody composition which is obtainable 
by rearing the transgenic non-human animal or plant or the 
progenies thereof according to any one of (17) to (27) and 
(32) to (35). 
0117 (38) An antibody composition comprising an anti 
body molecule which specifically binds to CD20 and has 
complex N-glycoside-linked Sugar chains bound to the Fc 
region, wherein among the total complex N-glycoside 
linked Sugar chains bound to the Fc region in the composi 
tion, the ratio of a Sugar chain in which fucose is not bound 
to N-acetylglucosamine in the reducing end in the Sugar 
chain is 20% or more. 

0118 (39) The antibody composition according to (38), 
wherein the Sugar chain to which fucose is not bound is a 
complex N-glycoside linked Sugar chain in which 1-position 
of fucose is not bound to 6-position of N-acetylglucosamine 
in the reducing end through C-bond. 
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0119 (40) The antibody composition according to (38), 
wherein the antibody molecule is a molecule Selected from 
the group consisting of (a), (b), (c) and (d): 

0120 (a) a human antibody; 
0121 (b) a humanized antibody; 
0.122 (c) an antibody fragment comprising an Fc 
region of (a) or (b); 

0123 (d) a fusion protein comprising an Fc region of 
(a) or (b). 

0124 (41) The antibody composition according to any 
one of (38) to (40), wherein the antibody molecule belongs 
to an IgG class. 
0125 (42) The antibody composition according to any 
one of (38) to (41), wherein the antibody molecule com 
prises complementarity determining regions 1, 2 and 3 of an 
antibody light chain variable region comprising the amino 
acid sequences represented by SEQ ID NOS:5, 6 and 7, 
respectively, and/or complementarity determining regions 1, 
2 and 3 of an antibody heavy chain comprising the amino 
acid sequences represented by SEQ ID NOS:8, 9 and 10, 
respectively. 
0126 (43) The antibody composition according to any 
one of (38) to (42), wherein the antibody molecule com 
prises a light chain variable region comprising the amino 
acid sequence represented by SEQID NO:12 and/or a heavy 
chain variable region comprising the amino acid Sequence 
represented by SEQ ID NO:14. 
0127 (44) A process for producing the antibody compo 
sition according to any one of (36) and (38) to (43), which 
comprises culturing the cell according to any one of (1) to 
(16) and (28) to (31) to form and accumulate the antibody 
composition in the culture; and recovering the antibody 
composition from the culture. 
0128 (45) A process for producing the antibody compo 
sition according to any one of (36) and (38) to (43), which 
comprises rearing the transgenic non-human animal or plant 
or the progenies thereof according to any one of (17) to (27) 
and (32) to (35); isolating tissue or body fluid from the 
reared animal or plant; and recovering the antibody compo 
sition from the isolated tissue or body fluid. 
0129 (46) A medicament which comprises the antibody 
composition according to any one of (36) to (43) as an active 
ingredient. 
0130 (47) An agent for treating diseases relating to 
CD20, which comprises the antibody composition according 
to any one of (36) to (43) as an active ingredient. 
0131 (48) The agent according to (47), wherein the 
disease relating to CD20 is a cancer or an immunological 
disease. 

BRIEF EXPLANATION OF THE DRAWINGS 

0132 FIG. 1 shows a construction step of plasmid pBS 
2B8L. 

0.133 FIG. 2 shows a construction step of plasmid pBS 
2B8Hm. 

0134 FIG. 3 shows a construction step of plasmid 
pKANTEX2B8P. 

0135 FIG. 4 shows a result of measurement of the 
activity of purified anti-CD20 chimeric antibody KM3065 
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and RituxanTM to bind to a human CD20-expressing cell, 
Raji cell while changing the concentration of the antibodies 
by using the immunofluorescent method. The ordinate and 
the abscissa show the relative fluorescence intensity at each 
concentration and the antibody concentration, respectively. 
“” and “o” show the activities of Rituxan TM and KM3065, 
respectively. 
0136 FIG. 5 shows a result of measurement of the 
activity of purified anti-CD20 chimeric antibody XM3065 
and RituxanTM to bind to a human CD20-negative cell, 
CCRF-CEM cell, using the immunofluorescent method. 
0137 FIG. 6 shows ADCC activity of purified anti-CD20 
chimeric antibody KM3065 and RituxanTM to a human 
CD20-expressing cell. In FIGS. 6A, 6B and 6C, Raji cell, 
Ramos cell and WIL2-S were used as the target cell. The 
ordinate and the abscissa Show the cytotoxic activity and the 
antibody concentration. “” and “o” show the activities of 
Rituxan TM and KM3065, respectively. 
0.138 FIG. 7 shows elution patterns obtained by prepar 
ing PA-modified sugar chains from purified anti-CD20 chi 
mericantibody KM3065 and RituxanTM and analyzing them 
by reverse phase HPLC. The ordinate and the abscissa show 
the relative fluorescence intensity and the elution time, 
respectively. 
0139 FIG.8 shows construction of a plasmid CHfFUT8 
pCR2.1. 
0140 FIG. 9 shows construction of a plasmid ploxPPuro. 
0141 FIG. 10 shows construction of a plasmid 
pKOFUT8gE2-1. 

0142 FIG. 11 
pKOFUT8gE2-2. 
0.143 FIG. 12 shows construction of a plasmid 
pscFUT8gE2-3. 
014.4 FIG. 13 shows construction of a plasmid 
pKOFUT8gE2-3. 
014.5 FIG. 14 shows construction of a plasmid 
pKOFUT8gE2-4. 
0146 FIG. 15 shows construction of a plasmid 
pKOFUT8gE2-5. 
0147 FIG. 16 shows construction of a plasmid 
pKOFUT8Puro. 
0148 FIG. 17 shows a result of measurement of the 
binding activity of an anti-CD20 chimeric antibody R92-3-1 
produced by lectin-resistant CHO/DG44 cell while changing 
the concentration of the antibody using the immunofluores 
cent method. The ordinate and the abscissa show the relative 
fluorescence intensity at each concentration and the antibody 
concentration, respectively. “” and “o” show the activities 
of RituxanTM and R92-3-1, respectively. 
0149 FIG. 18 shows a result of the evaluation of ADCC 
activity of the anti-CD20 chimeric antibody R92-3-1 pro 
duced by lectin-resistant CHO/DG44 cell, using Raji cell as 
the target cell. The ordinate and the abscissa show the 
cytotoxic activity on the target cell and the antibody con 
centration, respectively. “” and “o” show the activities of 
Rituxan TM and R92-3-1, respectively. 
0150 FIG. 19 shows an elution pattern obtained by 
reverse phase HPLC analysis of a PA-modified Sugar chain 
prepared from the anti-CD20 chimeric antibody R92-3-1 

shows construction of a plasmid 
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produced by lectin-resistant CHO/DG44 cell. The ordinate 
and the abscissa Show the relative fluorescence intensity and 
the elution time, respectively. Analytical conditions of the 
reverse phase HPLC, identification of the Sugar chain Struc 
ture and calculation of the ratio of Sugar chains to which 
C.1,6-fucose was not bound were carried out in the same 
manner as in Example 3. 

0151 FIG. 20 shows a construction step of a plasmid 
CHO-GMD prepared by introducing 5'-terminal of a clone 
34-2 into 5'-terminal of a CHO cell-derived GMD cDNA 
clone 22-8. 

0152 FIG.21 shows elution patterns obtained by reverse 
phase BPLC analysis of PA-modified Sugar chains prepared 
from three anti-CD20 chimericantibodies. The ordinate and 
abscissa Show the relative fluorescence intensity and the 
elution time, respectively. Analytical conditions of the 
reverse phase HPLC, identification of the Sugar chain Struc 
ture and calculation of the ratio of Sugar chains to which 
C.1,6-fucose was not bound were carried out in the same 
manner as in Example 3. 

0153 FIG.22 shows a result of the measurement of the 
CD20-expressing cell-binding activity against five anti 
CD20 chimeric antibodies having a different ratio of anti 
body molecules to which an C1,6-fucose-free Sugar chain 
bound while changing the concentration of the antibodies 
using the immunofluorescent method. The ordinate and the 
abscissa show the binding activity to CD20 and the antibody 
concentration, respectively. “O'”, “”, “A”, “A” and “o” 
show the activities of an anti-CD20 chimeric antibody 
(96%), an anti-CD20 chimeric antibody (44%), an anti 
CD20 chimeric antibody (35%), an anti-CD20 chimeric 
antibody (26%) and an anti-CD20 chimeric antibody (6%), 
respectively. 

0154 FIG. 23 shows a result of the measurement of 
ADCC activity of anti-CD20 chimeric antibodies having a 
different ratio of antibody molecules to which an O. 1,6- 
fucose-free Sugar chain is bound against WIL2-S cell. It 
shows a result measured by the Cr method using effector 
cells of donor A. The ordinate and the abscissa show the 
cytotoxic activity and the antibody concentration, respec 
tively. “O'”, “”, “A”, “A” and “o” show the activities of an 
anti-CD20 chimericantibody (96%), an anti-CD20 chimeric 
antibody (44%), an anti-CD20 chimeric antibody (35%), an 
anti-CD20 chimeric antibody (26%) and an anti-CD20 chi 
meric antibody (6%), respectively. 
0155 FIG. 24 shows a result of the measurement of 
ADCC activity of anti-CD20 chimeric antibodies having a 
different ratio of antibody molecules to which a C.1,6- 
fucose-free Sugar chain is bound against Raji cell. It shows 
a result measured by the LDH method using effector cells of 
donor B. The ordinate and the abscissa show the cytotoxic 
activity and the antibody concentration. “O'”, “”, “A”, “A” 
and “o' show the activities of an anti-CD20 chimeric 
antibody (96%), an anti-CD20 chimeric antibody (44%), an 
anti-CD20 chimericantibody (35%), an anti-CD20 chimeric 
antibody (26%) and an anti-CD20 chimeric antibody (6%), 
respectively. 

0156 FIG. 25 shows an elution pattern obtained by 
separating anti-CD20 chimeric antibody KM3065 using a 
column immobilized with lectin having affinity for Sugar 
chains containing bisecting GlcNAc. The ordinate and the 
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abscissa show absorbance at 280 nm and the elution time, 
respectively. (Dto (4 show elution positions of fractions (Dto 
(4) 

0157 FIG. 26 shows elution patterns of fractions (Dto (4) 
Separated using a column immobilized with lectin having 
affinity for Sugar chains containing bisecting GlcNAc and 
the PA-modified sugar chains prepared from anti-CD20 
chimeric antibody KM3065 before the separation, each 
obtained by reverse phase HPLC analysis. The upper and 
left drawing, the upper and right drawing, the middle and left 
drawing, the middle and right drawing and the lower and left 
drawing show the elution patterns of KM3065 before the 
separation, fraction (D. fraction (2) fraction (3)and fraction (4) 
respectively. The ordinate and the abscissa Show the relative 
fluorescence intensity and the elution time, respectively. In 
the drawing, the peak painted out in black shows antibody 
derived PA-modified sugar chains, and “*” shows PA 
modified Sugar chains having bisecting GlcNAc. 
0158 FIG. 27 shows ADCC activity of fractions (Dto (4) 
Separated using a column immobilized with lectin having 
affinity for Sugar chains containing bisecting GlcNAc and 
the anti-CD20 chimeric antibody KM3065 before the sepa 
ration, against Raji cell. It shows a result of the measurement 
by the LDH method using effector cells derived from a 
healthy donor. The ordinate and the abscissa show the 
cytotoxicity and the antibody concentration, respectively. 
“O'”, “c”, “A”, “ ()”, “ 0” and x show the activities of 
KM3065 before separation, fraction (D. fraction (2) fraction 
(3) and fraction (4), Rituxan'M and no antibody-added case. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0159. The cell of the present invention may be any cell, 
So long as the cell produces an antibody composition com 
prising an antibody molecule which specifically binds to 
CD20 and has complex N-glycoside-linked Sugar chains 
bound to the Fc region, wherein among the total complex 
N-glycoside-linked Sugar chains bound to the Fc region in 
the composition, the ratio of a Sugar chain in which fucose 
is not bound to N-acetylglucosamine in the reducing end in 
the Sugar chain is 20% or more. 
0160 In the present invention, CD20 is a cell surface 
membrane protein of about 35 kDa which is also called B1 
or Bp35, and includes a protein represented by the amino 
acid sequence represented by SEQ ID NO:4, and a protein 
which comprises an amino acid Sequence in which one or 
Several amino acids are Substituted, deleted, inserted and/or 
added in the amino acid sequence represented by SEQ ID 
NO:4 and has properties which are substantially similar to 
those of CD20. 

0.161 The protein which comprises an amino acid 
Sequence in which one or Several amino acids are Substi 
tuted, deleted, inserted and/or added in the amino acid 
sequence represented by SEQID NO.4 and has substantially 
similar activities to CD20 can be obtained e.g., by introduc 
ing a Site-directed mutation into a DNA encoding a protein 
having the amino acid Sequence represented by SEQ ID 
NO:4, using the Site-directed mutagenesis described in, e.g., 
Molecular Cloning, A Laboratory Manual, Second Edition, 
Cold Spring Harbor Laboratory Press (1989) (hereinafter 
referred to as “Molecular Cloning, Second Edition'); Cur 
rent Protocols in Molecular Biology, John Wiley & Sons, 
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1987-1997 (hereinafter referred to as “Current Protocols in 
Molecular Biology'); Nucleic Acids Research, 10, 6487 
(1982); Proc. Natl. Acad. Sci. USA, 79, 6409 (1982); Gene, 
34, 315 (1985); Nucleic Acids Research, 13, 4431 (1985); 
Proc. Natl. Acad. Sci., USA, C, 488 (1985); and the like. The 
number of amino acids to be deleted, Substituted, inserted 
and/or added is one or more, and the number is not particu 
larly limited, but is a number which can be deleted, substi 
tuted or added by a known technique Such as the Site 
directed mutagenesis, e.g., it is 1 to Several tens, preferably 
1 to 20, more preferably 1 to 10, and most preferably 1 to 5. 
0162 Also, in order to maintain the CD20 activity of the 
protein to be used in the present invention, it has 80% or 
more, preferably 85% or more, more preferably 90% or 
more, still more preferably 95% or more, far more prefer 
ably 97% or more, and most preferably 99% or more, of 
homology with the amino acid Sequence represented by SEQ 
ID NO:4 when calculated using an analyzing Soft Such as 
BLAST.J. Mol. Biol., 215, 403 (1990)), FASTA Methods 
in Enzymology, 183, 63 (1990) or the like. 
0163. In the present invention, as the Sugar chain which 
binds to the Fc region of an antibody molecule, mentioned 
is an N-glycoside-linked Sugar chain. AS the N-glycoside 
linked Sugar chain, mentioned is a complex type Sugar chain 
in which the non-reducing end Side of the core Structure has 
one or plural parallel branches of galactose-N-acetylglu 
cosamine (hereinafter referred to as “Gal-GlcNAc) and the 
non-reducing end Side of Gal-GlcNAc has a structure Such 
as Sialic acid, bisecting N-acetylglucosamine or the like. 
0164. In an antibody, the Fc region has positions to which 
each of two N-glycoside-linked Sugar chains is bound 
described below. Accordingly, two Sugar chains are bound 
per one antibody molecule. Since the N-glycoside-linked 
Sugar chain which binds to an antibody includes any Sugar 
chain represented by the following structural formula (I), 
there are a number of combinations of Sugar chains for the 
two N-glycoside-linked Sugar chains which bind to the 
antibody. Accordingly, identity of Substances can be judged 
from the viewpoint of the Sugar structure bound to the Fc 
region. 

+Gal B 1 -> 4GlcNAc B 1 -> 2Man C. 1 N 
6 
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0166 In the present invention, “the ratio of a Sugar chain 
in which fucose is not bound to N-acetylglucosamine in the 
reducing end in the Sugar chain among the total complex 
N-glycoside-linked Sugar chains bound to the Fc region 
contained in the antibody composition” means a ratio of the 
number of a Sugar chain in which fucose is not bound to 
N-acetylglucosamine in the reducing end in the Sugar chain 
to the total number of the complex N-glycoside-linked Sugar 
chains bound to the Fc region contained in the composition. 

0167. In the present invention, “the Sugar chain in which 
fucose is not bound to N-acetylglucosamine in the reducing 
end in the complex X-glycoside-linked Sugar chain” means 
a Sugar chain in which 1-position of the fucose is not bound 
to N-acetylglucosamine in the reducing end through C-bond 
in the complex N-glycoside-linked Sugar chain Examples 
include a complex N-glycoside-linked Sugar chain in which 
1-position of fucose is not bound to 6-position of N-acetyl 
glucosamine through c-bond. 

0.168. The ratio of a Sugar chain in which fucose is not 
bound to N-acetylglucosamine in the reducing end in the 
Sugar chain among the total complex N-glycoside-linked 
Sugar chains binding to the Fc region contained in the 
antibody composition of the present invention is preferably 
20% or more, more preferably 25% or more, still more 
preferably 30% or more, far preferably 40% or more, and 
most preferably 50% or more. The antibody composition 
having this ratio of a Sugar chain has high ADCC activity. 

0169. As the antibody concentration is decreased, the 
ADCC activity is decreased accordingly. However, high 
ADCC activity can be obtained even though the antibody 
concentration is low, So long as the ratio of a Sugar chain in 
which fucose is not bound to N-acetylglucosamine in the 
reducing end in the Sugar chain is 20% or more. 

0170 The ratio of a Sugar chain in which fucose is not 
bound to N-acetylglucosamine in the reducing end in the 
Sugar chain contained in the composition which comprises 
an antibody molecule having complex N-glycoside-linked 
Sugar chains in the Fe region can be determined by releasing 
the Sugar chain from the antibody molecule using a known 

(I) 
Fuco. 1 

6(3) 
+GlcNAc ? 1 -- 4 Man B1 -> 4GlcNAc B1 -> 4GlcNAc 

3 

+Gal B 1 -> 4GlcNAc B 1 -> 2Man C. 1 1 

0.165. In the present invention, the composition which 
comprises an antibody molecule having complex N-glyco 
Side-linked Sugar chains in the Fc region (hereinafter 
referred to as “antibody composition of the present inven 
tion') may comprise an antibody having the same Sugar 
chain Structures or an antibody having different Sugar chain 
Structures, So long as the effect of the present invention is 
obtained from the composition. 

method Such as hydrazinolysis, enzyme digestion or the like 
Biochemical Experimentation Methods 23-Method for 
Studying Glycoprotein Sugar Chain (Japan Scientific Soci 
eties Press), edited by Peiko Takahashi (1989)), carrying out 
fluorescence labeling or radioisotope labeling of the released 
Sugar chain, and then Separating the labeled Sugar chain by 
chromatography. Alternatively, the released Sugar chain can 
be determined by analyzing it with the HPAED-PAD method 
J Liq. Chromatogr., 6, 1577 (1983)). 
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0171 Furthermore, the cell of the present invention 
includes a cell which produces the composition of the 
present invention, wherein the activity of an enzyme relating 
to the Synthesis of an intracellular Sugar nucleotide, GDP 
fucose and/or the activity of an enzyme relating to the 
modification of a Sugar chain in which 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain is decreased or deleted. 
0172 In the present invention, the enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
may be any enzyme, So long as it is an enzyme relating to 
the synthesis of the intracellular sugar nucleotide, GDP 
fucose, as a Supply Source of fucose to a Sugar chain. The 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, includes an enzyme which has 
influence on the Synthesis of the intracellular Sugar nucle 
otide, GDP-fucose. 
0173 The enzyme which has influence on the synthesis 
of an intracellular Sugar nucleotide, GDP-fucose, includes 
an enzyme which has influence on the activity of the enzyme 
relating to the Synthesis of the intracellular Sugar nucleotide, 
GDP-fucose, and an enzyme which has influence on the 
Structure of Substance used as a Substrate of the enzyme. 
0.174. The intracellular Sugar nucleotide, GDP-fucose, is 
Supplied by a de novo Synthesis pathway or a Salvage 
Synthesis pathway. Thus, all enzymes relating to the Syn 
thesis pathways are included in the enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose. 
0.175. The enzyme relating to the de novo synthesis 
pathway of the intracellular Sugar nucleotide, GDP-fucose, 
include GDP-mannose 4,6-dehydratase (hereinafter referred 
to as “GMD”), GDP-keto-6-deoxymannose 3.5-epimerase 
4,6-reductase (hereinafter refeed to as “FX”) and the like. 
0176) The enzyme relating to the salvage synthesis path 
way of the intracellular Sugar nucleotide, GDP-fucose, 
include GDP-beta-L-fucose pyrophosphorylase (hereinafter 
referred to as “GFPP”), fucokinase and the like. 
0177) 

0.178 a protein encoded by a DNA of the following 
(a) or (b): 
0179 (a) a DNA comprising the nucleotide 
sequence represented by SEQ ID NO:41; 

0180 (b) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented 
by SEQ ID NO:41 under stringent conditions and 
encodes a protein having GMD activity, 

In the present invention, the GMD includes: 

0181 (c) a protein comprising the amino acid 
sequence represented by SEQ ID NO:61, 

0182 (d) a protein which consists of an amino 
acid Sequence in which at least one amino acid is 
deleted, Substituted, inserted and/or added in the 
amino acid Sequence represented by SEQ ID 
NO:61 and has GMD activity, and 

0183 (e) a protein which consists of an amino 
acid Sequence having a homology of at least 80% 
with the amino acid Sequence represented by SEQ 
ID NO:61 and has GMD activity. 
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0.184 Also, the DNA encoding the amino acid sequence 
of GMD includes a DNA comprising the nucleotide 
sequence represented by SEQ ID NO:41 and a DNA which 
hybridizes with the DNA consists of the nucleotide sequence 
represented by SEQ ID NO:41 under stringent conditions 
and encodes an amino acid Sequence having GMD activity. 
0185 

0186 a protein encoded by a DNA of the following 
(a) or (b): 
0187 (a) a DNA comprising the nucleotide 
sequence represented by SEQ ID NO:48; 

0188 (b) a DNA which hybridizes with the DNA 
consists of the nucleotide Sequence represented by 
SEQ ID NO:48 under stringent conditions and 
encodes a protein having FX activity, 

In the present invention, the FX includes: 

0189 (c) a protein comprising the amino acid 
sequence represented by SEQ ID NO:62, 

0190 (d) a protein which consists of an amino 
acid Sequence in which at least one amino acid is 
deleted, Substituted, inserted and/or added in the 
amino acid Sequence represented by SEQ ID 
NO:62 and has FX activity, and 

0191 (e) a protein which consists of an amino 
acid Sequence having a homology of at least 80% 
with the amino acid Sequence represented by SEQ 
ID NO:62 and has FX activity. 

0.192 Also, the DNA encoding the amino acid sequence 
of FX includes a DNA comprising the nucleotide Sequence 
represented by SEQID NO:48 and a DNA which hybridizes 
with the DNA consists of the nucleotide sequence repre 
sented by SEQ ID NO:48 under stringent conditions and 
encodes an amino acid Sequence having FX activity. 
0193) 

0194 a protein encoded by a DNA of the following 
(a) or (b): 
0195 (a) a DNA comprising the nucleotide 
sequence represented by SEQ ID NO:51; 

0196) (b) a DNA which hybridizes with the DNA 
consists of the nucleotide Sequence represented by 
SEQ ID NO:51 under stringent conditions and 
encodes a protein having GFPP activity, 

In the present invention, the GFPP includes: 

0197) (c) a protein comprising the amino acid 
sequence represented by SEQ ID NO:63, 

0198 (d) a protein which comprises an amino 
acid Sequence in which at least one amino acid is 
deleted, Substituted, inserted and/or added in the 
amino acid Sequence represented by SEQ ID 
NO:63 and has GFPP activity, and 

0199 (e) a protein which consists of an amino 
acid Sequence having a homology of at least 80% 
with the amino acid Sequence represented by SEQ 
ID NO:63 and has GFPP activity. 

0200 Also, the DNA encoding the amino acid sequence 
of GFPP include a DNA comprising the nucleotide sequence 
represented by SEQID NO:51 and a DNA which hybridizes 
with the DNA consisting of the nucleotide Sequence repre 
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sented by SEQ ID NO:51 under stringent conditions and 
encodes an amino acid Sequence having FX activity. 
0201 In the present invention, the enzyme relating to the 
modification of a Sugar chain in which 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain includes any enzyme, So long as it is an enzyme 
relating to the reaction of binding of 1-position of fucose to 
6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain. 

0202) “The enzyme relating to the reaction of binding of 
1-position of fucose to 6-position of N-acetylglucosamine in 
the reducing end through C-bond in the complex N-glyco 
Side-linked Sugar chain' means an enzyme which has influ 
ence in the reaction of binding of 1-position of fucose to 
6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain. 

0203 The enzyme relating to the reaction of binding of 
1-position of fucose to 6-position of N-acetylglucosamine in 
the reducing end through C-bond in the complex N-glyco 
Side-linked Sugar chain include C.1,6-fucosyltransferase and 
C-L-fucosidase. 

0204 Also, examples include an enzyme which has influ 
ence on the activity the enzyme relating to the reaction of 
binding of 1-position of fucose to 6-position of N-acetyl 
glucosamine in the reducing end through C-bond in the 
complex N-glycoside-linked Sugar chain and an enzyme 
which has influence on the Structure of Substances as the 
Substrate of the enzyme. 
0205. In the present invention, the C.1,6-fucosyltrans 
ferase includes: 

0206 a protein encoded by a DNA of the following 
(a), (b), (c) or (d): 
0207 (a) a DNA comprising the nucleotide 
sequence represented by SEQ ID NO:1; 

0208 (b) a DNA comprising the nucleotide 
sequence represented by SEQ ID NO:2; 

0209 (c) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented 
by SEQ ID NO:1 under stringent conditions and 
encodes a protein having C.1,6-fucosyltransferase 
activity; 

0210 (d) a DNA which hybridizes with the DNA 
consisting of the nucleotide Sequence represented 
by SEQ ID NO:2 under stringent conditions and 
encodes a protein having C.1,6-fucosyltransferase 
activity; 

0211 (e) a protein comprising the amino acid 
sequence represented by SEQ ID NO:23, 

0212 (f) a protein comprising the amino acid 
sequence represented by SEQ ID NO:24, 

0213 (g) a protein which consisting of an amino 
acid Sequence in which at least one amino acid is 
deleted, Substituted, inserted and/or added in the 
amino acid Sequence represented by SEQ ID 
NO:23 and has C.1,6-fucosyltransferase activity, 
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0214 (h) a protein which consisting of an amino 
acid Sequence in which at least one amino acid is 
deleted, Substituted, inserted and/or added in the 
amino acid Sequence represented by SEQ ID 
NO:24 and has C.1,6-fucosyltransferase activity, 

0215 (i) a protein which consisting of an amino 
acid Sequence having a homology of at least 80% 
with the amino acid Sequence represented by SEQ 
ID NO:23 and has C.1,6-fucosyltransferase activ 
ity, and 

0216 () a protein which consisting of an amino 
acid Sequence having a homology of at least 80% 
with the amino acid Sequence represented by SEQ 
ID NO:24 and has C.1,6-fucosyltransferase activ 
ity. 

0217. Also, the DNA encoding the amino acid sequence 
of C. 1,6-fucosyltransferase includes a DNA having the 
nucleotide sequence represented by SEQ ID NO:1 or 2 and 
a DNA which hybridizes with the DNA having the nucle 
otide sequence represented by SEQ ID NO:1 or 2 under 
Stringent conditions and encodes an amino acid Sequence 
having C.1,6-fucosyltransferase activity. 

0218. In the present invention, “a DNA which hybridizes 
under stringent conditions” means a DNA obtained by a 
method Such as colony hybridization, plaque hybridization 
or Southern blot hybridization using a DNA such as the 
DNA having the nucleotide sequence represented by SEQ 
ID NO:1, 2, 48, 51 or 41 or a partial fragment thereof as the 
probe. Specifically mentioned is a DNA which can be 
identified by carrying out hybridization at 65° C. in the 
presence of 0.7 to 1.0 M sodium chloride using a filter to 
which colony- or plaque-derived DNA fragments are immo 
bilized, and then washing the filter at 65 C. using 0.1 to 
2xSSC solution (composition of the 1xSSC solution com 
prising 150 mM sodium chloride and 15 mM sodium 
citrate). The hybridization can be carried out in accordance 
with the methods described, e.g., in Molecular Cloning, A 
Laboratory Manual, Second Edition., Cold Spring Harbor 
Laboratory Press (1989) (hereinafter referred to as “Molecu 
lar Cloning, Second Edition”), Current Protocols in 
Molecular Biology, John Wiley & Sons, 1987-1997 (here 
inafter referred to as “Current Prolocols in Molecular Biol 
ogy'); DNA Cloning 1: Core Techniques, A Practical 
Approach, Second Edition, Oxford University (1995); and 
the like. Examples of the hybridizable DNA include a DNA 
having at least 60% or more, preferably 700/0 or more, more 
preferably 80% or more, still more preferably 90% or more, 
far more preferably 95% or more, and most preferably 98% 
or more, of homology with the nucleotide Sequence repre 
sented by SEQ ID NO:1, 2, 48, 51 or 41. 
0219. In the present invention, the protein which consists 
of an amino acid Sequence in which at least one amino acid 
is deleted, Substituted, inserted and/or added in the amino 
acid sequence represented by SEQID NO:23, 24, 61, 62 and 
63 respectively and has C.1,6-fucosyltransferase activity, 
GMD activity, Ex activity and GFPP activity can be obtained 
by introducing a Site-directed mutation into a DNA encoding 
a protein having the amino acid Sequence represented by 
SEQ ID NO:1, 2, 41, 48 and 51 respectively using the 
Site-directed mutagenesis described, e.g., in Molecular 
Cloning, Second Edition, Current Protocols in Molecular 
Biology; Nucleic Acids Research, 10, 6487 (1982); Proc. 
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Natl. Acad. Sci. USA, 79, 6409 (1982); Gene, 34, 315 
(1985); Nucleic Acids Research, 13, 4431 (1985); Proc. 
Natl. Acad. Sci. USA, 82, 488 (1985); and the like. The 
number of amino acids to be deleted, Substituted, inserted 
and/or added is one or more, and the number is not particu 
larly limited, but is a number which can be deleted, substi 
tuted or added by a known technique Such as the Site 
directed mutagenesis, e.g., it is 1 to Several tens, preferably 
1 to 20, more preferably 1 to 10, and most preferably 1 to 5. 
0220 Also, each of proteins to be used in the present 
invention has at least 80% or more, preferably 85% or more, 
more preferably 90% or more, still more preferably 95% or 
more, far more preferably 97% or more, and most preferably 
99% or more, of homology with the amino acid sequence 
represented by SEQ ID NO:23, 24, 61, 62 and 63 respec 
tively, when calculated using an analyzing Soft Such as 
BLAST.J. Mol. Biol., 215, 403 (1990)), FASTA Methods 
in Enzymology, 183, 63 (1990) or the like so that it can 
maintain the C.1,6-fucosyltransferase activity, GMD activity, 
Fx activity and GFPP activity, respectively. 
0221) Furthermore, as the method for obtaining the cell 
of the present invention, that is, the cell in which the activity 
of an enzyme relating to the Synthesis of an intracellular 
Sugar nucleotide, GDP-fucose, and/or the activity of an 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain is decreased or deleted, 
any technique can be used, So long as it can decrease the 
enzyme activity of interest. The technique for decreasing or 
deleting the enzyme activity include: 

0222 (a) a gene disruption technique targeting a gene 
encoding the enzyme, 

0223 (b) a technique for introducing a dominant nega 
tive mutant of a gene encoding the enzyme, 

0224 (c) a technique for introducing mutation into the 
enzyme, 

0225 (d) a technique for inhibiting transcription and/ 
or translation of a gene encoding the enzyme, and 

0226 (e) a technique for Selecting a cell line resistant 
to a lectin which recognizes a Sugar chain in which 
1-position of fucose is bound to 6-position of N-acetyl 
glucosamine in the reducing end through C-bond in the 
complex N-glycoside-linked Sugar chain. 

0227 AS the lectin which recognizes a Sugar chain struc 
ture in which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the N-glycoside-linked Sugar chain, any lectin which can 
recognize the Sugar chain Structure can be used. Examples 
include a Lens culmaris lectin LCA (lentil agglutinin derived 
from Lens culnaris), a pea lecin PSA (pea lectin derived 
from Pisum sativum), a broad bean lectin VFA (agglutinin 
derived from Vicia faba), and an Aleuria aurantia lectin 
AAL (lectin derived from Aleuria aurantia). 
0228. The host cell for producing the antibody composi 
tion of the present invention may be any host, So long as it 
can express an anti-CD20 antibody molecule, i.e., a host cell 
transfected with a gene encoding an anti-CD20 antibody 
molecule. Examples include a yeast, an animal cell, an insect 
cell, a plant cell and the like. Examples of the cells include 
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those described below in item 1. Among animal cells, 
preferred are include a CHO cell derived from a Chinese 
hamster ovary tissue, a rat myeloma cell line YB2/ 
3HL.P2.G11.16Ag.20 cell, a mouse myeloma cell line NSO 
cell, a mouse myeloma SP2/0-Ag14 cell, a BHK cell derived 
from a Syrian hamster kidney tissue, an antibody producing 
hybridoma cell, a human leukemia cell line Namalwa cell, 
an embryonic Stem cell, a fertilized egg cell and the like. 
Examples include a rat myeloma cell line YB2/ 
3HL.P2.G11.16Ag.20 cell transformed clone KM3065 
(FERM BP-7834) transfected with the anti-CD20 antibody 
gene of the present invention. 
0229. The transgenic non-human animal or plant or the 
progenies thereof are not limited, So long as it is a transgenic 
non-human animal or plant or progeny thereof which pro 
duces an antibody composition comprising an antibody 
molecule which specifically binds to CD20 and has complex 
N-glycoside-linked Sugar chains bound to the Fc region, 
wherein among the total complex N-glycoside-linked Sugar 
chains bound to the Fc region in the composition, the ratio 
of a Sugar chain in which fucose is not bound to N-acetyl 
glucosamine in the reducing end in the Sugar chain is 20% 
or more, and into which a gene encoding the antibody 
molecule is introduced. The antibody-producing transgenic 
animal can be prepared by introducing a gene encoding an 
antibody which specifically binds to CD20 into ES cell of a 
mouse, transplanting the ES cell into an early Stage embryo 
of other mouse and then developing it. The transgenic 
animal can be also prepared by introducing a gene encoding 
an antibody which specifically binds to CD20 into a fertil 
ized egg and developing it. 
0230. The transgenic non-human animal include cattle, 
sheep, goat, pig, horse, mouse, rat, fowl, monkey, rabbit and 
the like. 

0231. In the present invention, the antibody molecule 
includes any molecule, So long as it comprises the Fc region 
of an antibody. Examples include an antibody, an antibody 
fragment, a fusion protein comprising an Fc region, and the 
like. 

0232 The antibody is a protein which is produced in the 
living body by immune response as a result of exogenous 
antigen Stimulation and has an activity to Specifically bind to 
the antigen. AS the antibody, an antibody Secreted by a 
hybridoma cell prepared from a spleen cell of an animal 
immunized with an antigen; an antibody prepared by a 
recombinant DNA technique, i.e., an antibody obtained by 
introducing an antibody gene-inserted antibody expression 
vector into a host cell; and the like are mentioned. Examples 
include an antibody produced by a hybridoma, a humanized 
antibody, a human antibody and the like. 
0233. As a hybridoma, a cell which is obtained by cell 
fusion between a B cell obtained by immunizing a mammal 
other than human with an antigen and a myeloma cell 
derived from mouse or the like and can produce a mono 
clonal antibody having the desired antigen Specificity can be 
mentioned. 

0234. As the humanized antibody, a human chimeric 
antibody, a human complementarity determining region 
(hereinafter referred to as “CDR”)-grafted antibody and the 
like can be mentioned. 

0235 A human chimeric antibody is an antibody which 
comprises a non-human antibody heavy chain variable 
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region (hereinafter referred to as “HV" or “VH', the variable 
chain and the heavy chain being “V region” and “H chain', 
respectively) and a non-human antibody light chain variable 
region (hereinafter referred to as "LV" or “VL), a human 
antibody heavy chain constant region (hereinafter also 
referred to as “CH') and a human antibody light chain 
constant region (hereinafter also referred to as “CL”). As the 
non-human animal, any animal Such as mouse, rathamster, 
rabbit or the like can be used, So long as a hybridoma can be 
prepared therefrom. 

0236. The human chimeric antibody can be produced by 
preparing cDNAS encoding VH and VL from a monoclonal 
antibody-producing hybridoma, inserting them into an 
expression vector for host cell having genes encoding 
human antibody CH and human antibody CL to thereby 
construct a vector for expression of human chimeric anti 
body, and then introducing the vector into a host cell to 
express the antibody. 

0237 As the CH of human chimeric antibody, any CH 
can be used, So long as it belongs to human immunoglobulin 
(hereinafter referred to as “hIg”). Those belonging to the 
hIgG class are preferable, and any one of the Subclasses 
belonging to the higG class, Such as higG1, higG2, higG3 
and higG4, can be used. Also, as the CL of human chimeric 
antibody, any CL can be used, So long as it belongs to the 
hMg class, and those belonging to the K class or ), class can 
also be used. 

0238 A human CDR-grafted antibody is an antibody in 
which amino acid sequences of CDRs of VH and VL of an 
antibody derived from a non-human animal are grafted into 
appropriate positions of VH and VL of a human antibody. 

0239). The human CDR-grafted antibody can be produced 
by constructing cDNAS encoding V regions in which CDRs 
of VH and VL of an antibody derived from a non-human 
animal are grafted into CDRs of VH and VL of a human 
antibody, inserting them into an expression vector for host 
cell having genes encoding human antibody CH and human 
antibody CL to thereby construct a vector for human CDR 
grafted antibody expression, and then introducing the 
expression vector into a host cell to express the human 
CDR-grafted antibody. 

0240 AS the CH of human CDR-grafted antibody, any 
CH can be used, So long as it belongs to the hig, but those 
of the higG class are preferable, and any one of the Sub 
classes belonging to the higG class, Such as higG1, higG2, 
hIgG3 and higG4, can be used. Also, as the CL of human 
CDR-grafted antibody, any CL can be used, So long as it 
belongs to the hig class, and those belonging to the K class 
or 2 class can also be used. 

0241. A human antibody is originally an antibody natu 
rally existing in the human body, but it also includes 
antibodies obtained from a human antibody phage library, a 
human antibody-producing transgenic animal and a human 
antibody-producing transgenic plant, which are prepared 
based on the recent advance in genetic engineering, cell 
engineering and developmental engineering techniques. 

0242. The antibody existing in the human body can be 
obtained by isolating a human peripheral blood lymphocyte, 
immortalizing it by its infection with EB virus or the like, 
cloning it to obtain a lymphocyte capable of producing the 
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antibody, culturing the lymphocyte, and isolating and puri 
fying the antibody from the culture. 
0243 The human antibody phage library is a library in 
which antibody fragments Such as Fab (fragment of antigen 
binding), a single chain antibody and the like are expressed 
on the phage Surface by inserting a gene encoding an 
antibody prepared from a human B cell into a phage gene. 
A phage expressing an antibody fragment having the desired 
antigen binding activity can be recovered from the library, 
using its activity to bind to an antigen-immobilized Substrate 
as the marker. The antibody fragment can be converted 
further into a human antibody molecule comprising two full 
H chains and two full L chains by recombinant DNA 
techniques. 
0244. An antibody fragment is a fragment which com 
prises the Fc region of an antibody. AS the antibody frag 
ment, an H chain monomer, an H chain dimer and the like 
can be mentioned. 

0245 A fusion protein comprising an Fc region includes 
a composition in which an antibody comprising the Fc 
region of an antibody or the antibody fragment is fused with 
a protein Such as an enzyme, a cytokine or the like. 
0246 The antibody molecule of the present invention 
may be any antibody molecule, So long as it specifically 
binds to CD20. The antibody molecule is preferably an 
antibody molecule which specifically binds to CD20 and 
comprises complementarity determining regions 1, 2 and 3 
of an antibody light chain variable region represented by the 
amino acid sequences represented by SEQ BD NOS:5, 6 and 
7, respectively, and/or complementarity determining regions 
1, 2 and 3 of an antibody heavy chain represented by the 
amino acid sequences represented by SEQ ID NOS:8, 9 and 
10, respectively, and more preferably the antibody molecule 
which specifically binds to CD20 and comprises a light 
chain variable region represented by SEQ ID NO:12 and/or 
a heavy chain variable region represented by SEQ ID 
NO:14. 

0247 The medicament of the present invention includes 
a medicament which comprises, as an active ingredient, the 
antibody composition of the present invention, i.e., the 
composition comprising an anti-CD20 antibody molecule. 
0248. The diseases relating to CD20 includes cancers 
Such as B cell lymphoma, inflammatory diseases, autoim 
mune disease and the like. 

0249. In the present invention, the ADCC activity is a 
cytotoxic activity in which an antibody bound to a cell 
Surface antigen on a tumor cell and the like in the living body 
activate an effector cell through an Fc receptor existing on 
the antibody Fc region and effector cell surface and thereby 
obstruct the tumor cell and the like Monoclonal Antibodies. 
Principles and Applications, Wiley-Liss, Inc., Chapter 
2.1 (1955)). As the effector cell, a killer cell, a natural killer 
cell, an activated macrophage and the like can be mentioned. 
0250) The present invention is described below in detail. 
0251 1. Preparation of the Cell Which Produces the 
Antibody Composition of the Present Invention 

0252) The cell of the present invention can be prepared 
by preparing a host cell used for producing the antibody 
composition of the present invention according to the fol 
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lowing techniques and transfecting a gene encoding an 
anti-CD20 antibody into the host cell according to the 
method described in the following item 3. 
0253 (1) Gene Disruption Technique Targeting at a Gene 
Encoding an Enzyme 
0254 The host cell used for producing the cell of the 
present invention can be prepared using a gene disruption 
technique by targeting a gene encoding an enzyme relating 
to the Synthesis of an intracellular Sugar nucleotide, GDP 
fucose, or targeting a gene encoding an enzyme relating to 
the modification of a Sugar chain wherein 1-position of 
fucose is bound to 6-position of N-acetylglucosamine in the 
reducing end through C-bond in the complex N-glycoside 
linked Sugar chain. AS the enzyme relating to the Synthesis 
of an intracellular Sugar nucleotide, GDP-fucose, GMD, FX, 
GFPP, fucokinase and the like can be mentioned. As the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain, C.1,6-fucosyltrans 
ferase, C-L-fucosidase and the like can be mentioned. 
0255 The gene as used herein includes DNA and RNA. 
0256 As the gene disruption method, any method can be 
include, So long as it can disrupt the gene of the target 
enzyme AS examples, an antisense method, a ribozyme 
method, a homologous recombination method, an RNA 
DNA oligonucleotide method (hereinafter referred to as 
“RDO method”), an RNA interface method (hereinafter 
referred to as “RNAi method”), a method using retrovirus, 
a method using transposon, and the like can be mentioned. 
The methods are specifically described below. 
0257 (a) Preparation of the Host Cell for Preparing the 
Cell of the Present Invention by the Antisense Method or the 
Ribozyme Method 
0258. The host cell for preparing the cell of the present 
invention can be prepared by the antisense method or the 
ribozyme method described in Cell Technology, 12, 239 
(1993); BIOTECHNOLOGY, 17, 1097 (1999); Hum. Mol. 
Genet., 5, 1083 (1995); Cell Technology, 13, 255 (1994); 
Proc. Natl. Acad. Sci. USA, 96, 1886 (1999); or the like, e.g., 
in the following manner by targeting a gene encoding an 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or a gene encoding an enzyme 
relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through O-bond in the complex 
N-glycoside-linked Sugar chain. 
0259. A cDNA or a genomic DNA encoding an enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose, or encoding an enzyme relating to the modi 
fication of a Sugar chain wherein 1-position of fucose is 
bound to 6-position of N-acetylglucosamine in the reducing 
end through C-bond in the complex N-glycoside-linked 
Sugar chain is prepared. 
0260 The nucleotide sequence of the prepared cDNA or 
genomic DNA is determined. 
0261 Based on the determined DNA sequence, an appro 
priate length of an antisense gene or ribozyme construct 
comprising a part of a DNA which encodes the enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
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GDP-fucose, and/or the enzyme relating to the modification 
of a Sugar chain wherein 1-position of fucose is bound to 
6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain is designed. The designed construct can further con 
tain a part of non-translation region or an intron. 
0262. In order to express the antisense gene or the 
ribozyme in a cell, a recombinant vector is prepared by 
inserting a fragment or total length of the prepared DNA into 
downstream of the promoter of an appropriate expression 
VectOr. 

0263 A transformant is obtained by introducing the 
recombinant vector into a host cell Suitable for the expres 
Sion vector. 

0264. The cell of the present invention can be obtained by 
Selecting a transformant using, as a marker, the activity of 
the enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or the enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain. The host cell for preparing the cell of the 
present invention can also be obtained by Selecting a trans 
formant based on the Sugar chain Structure of a glycoprotein 
on the cell membrane or the Sugar chain Structure of the 
produced antibody molecule. 
0265. As the host cell for preparing the cell of the present 
invention, any cell Such as a yeast, an animal cell, an insect 
cell or a plant cell can be used, So long as it has a gene 
encoding the target enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, or a gene encod 
ing the target enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain. Examples 
include host cells described in the following item 3. 
0266. As the expression vector, a vector which is autono 
mously replicable in the host cell or can be integrated into 
the chromosome and comprises a promoter at Such a posi 
tion that the designed antisense gene or ribozyme can be 
transferred can be used. Examples include expression vec 
tors described in the following item 3. 
0267 Regarding the method for introducing a gene into 
various host cells, the methods for introducing recombinant 
vectors Suitable for various host cells, which are described 
in the following item 3, can be used. 
0268. The following method can be exemplified as the 
method for Selecting a transformant using, a marker of the 
activity of an enzyme relating to the Synthesis of an intra 
cellular sugar nucleotide, GDP-fucose and/or the activity of 
an enzyme relating to the modification of a Sugar chain 
wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain. 

0269 Method for Selecting Transformant: 
0270. The method for selecting a cell in which the 
activity of an enzyme relating to the Synthesis of an intra 
cellular sugar nucleotide, GDP-fucose and/or the activity of 
an enzyme relating to the modification of a Sugar chain 
wherein 1-position of fucose is bound to 6-position of 
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N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain is decreased 
include biochemical methods or genetic engineering tech 
niques described in New Biochemical Experimentation 
Series 3-Sacchaides I, Giycoprozein (Tokyo Kagaku Dojin), 
edited by Japanese Biochemical Society (1988), Cell Engi 
neering, Supplement, Experimental Protocol Series, Glyco 
biology Experimental Protocol, Glycoprotein, Glycolipid 
and Proteoglycan (Shujun-sha), edited by Naoyuki Tanigu 
chi, Akemi Suzuki, Kiyoshi Furukawa and Kazuyuki Sug 
awara (1996); Molecular Cloning, Second Edition, Current 
Protocols in Molecular Biology, and the like. The biochemi 
cal method includes a method in which the enzyme activity 
is evaluated using an enzyme-specific Substrate and the like. 
The genetic engineering technique include the Northern 
analysis, RT-PCR and the like wherein the amount of mRNA 
of a gene encoding the enzyme is measured. 
0271 The method for selecting a transformant based on 
the Sugar chain Structure of a glycoprotein on the cell 
membrane includes methods described in the following item 
1(5). The method for selecting a transformant based on the 
Sugar chain Structure of a produced antibody molecule 
includes methods described in the following items 4 and 5. 
0272. As the method for preparing cDNA encoding an 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or an enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain, the following method is exemplified. 
0273 Preparation Method of DNA: 
0274. A total RNA or mRNA is prepared from tissues or 
cells of various host cells. 

0275 AcDNA library is prepared from the prepared total 
RNA or mRNA. 

0276 Degenerative primers are produced based on the 
amino acid Sequence of an enzyme relating to the Synthesis 
of an intracellular Sugar nucleotide, GDP-fucose, and/or an 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain, and a gene fragment 
encoding the enzyme relating to the Synthesis of an intrac 
ellular Sugar nucleotide, GDP-fucose, and/or the enzyme 
relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through (C.-bond in the com 
plex N-glycoside-linked Sugar chain is obtained by PCR 
using the prepared cDNA library as the template. 
0277 ADNA encoding the enzyme relating to the syn 
thesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain can be obtained 
by Screening the cDNA library using the obtained gene 
fragment as a probe. 

0278 Regarding the mRNA of a human or non-human 
tissue or cell, a commercially available product (e.g., manu 
factured by Clontech) may be used or it may be prepared 
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from a human or non-human animal tissue or cell in the 
following manner. Examples of the method for preparing a 
total RNA from a human or non-human animal tissue or cell 
include the guanidine thiocyanate-cesium trifluoroacetate 
method Methods in Enzymology, 11, 3 (1987)), the acidic 
guanidine thiocyanate phenol chloroform (AGPC) method 
Analytical Biochemistry, 162, 156 (1987); Experimental 
Medicine, 9, 1937 (1991) and the like. 
0279 Also, the method for preparing mRNA from a total 
RNA as poly(A)" RNA include an oligo(dT)-immobilized 
cellulose column method (Molecular Cloning, Second Edi 
tion) and the like. 
0280. In addition, mRNA can be prepared using a kit such 
as Fast Track mRNA. Isolation Kit (manufactured by Invit 
rogen), Quick Prep mRNA Purification Kit (manufactured 
by Pharmacia) or the like. 
0281. A cDNA library is prepared from the prepared 
mRNA of a human or non-human animal tissue or cell. The 
method for preparing cDNA libraries include the methods 
described in Molecular Cloning, Second Edition; Current 
Protocols in Molecular Biology, A Laboratory Manual, 
Second Edition (1989); and the like, or methods using 
commercially available kits such as SuperScript Plasmid 
System for cDNA Synthesis and Plasmid Cloning (manu 
factured by Life Technologies), ZAPcDNA Synthesis Kit 
(manufactured by STRATAGEI) and the like. 
0282. As the cloning vector for preparing the cDNA 
library, any vector Such as a phage vector, a plasmid vector 
or the like can be used, so long as it is autonomously 
replicable in Escherichia coli K12. Examples include ZAP 
Express manufactured by STRATAGENE, Stategies, 5, 58 
(1992), pBluescript II SK(+) Nucleic Acids Research, 17, 
9494 (1989)), Lambda ZAP II (manufactured by STRAT 
AGENE), gt10 and gt11 DNA Cloning, A Practical 
Approach, 1, 49 (1985)), Triplex (manufactured by Clon 
tech), ExCell (manufactured by Pharmacia), pT7T318U 
(manufactured by Pharmacia), pcD2 Mol. Cell Biol, 3, 
280(1983)), puC18 Gene, 33, 103 (1985) and the like. 
0283 Any microorganism can be used as the host micro 
organism, and Escherichia coli is preferably used. Examples 
include Escherichia coli XL1-Blue MRF manufactured by 
STRATAGENE, Strategies, 5, 81.(1992), Escherichia coli 
C600 Genetics, 39, 440 (1954), Escherichia coli Y1088 
Science, 222, 778 (1983)), Escherichia coli Y1090 Sci 
ence, 22, 778 (1983)), Escherichia coli NM522 J. Mol. 
Biol., 166, 1 (1983)), Escherichia coli K802 J. Mol. Biol., 
16, 118 (1966), Escherichia coli JM105 Gene, 38, 275 
(1985) and the like 
0284. The cDNA library may be used as such in the 
Subsequent analysis, and in order to obtain a full length 
cDNA as efficient as possible by decreasing the ratio of an 
infull length cDNA, a cDNA library prepared using the oligo 
cap method developed by Sugano et al. Gene, 138, 171 
(1994); Gene, 200, 149 (1997); Protein, Nucleic Acid and 
Enzyme, 4, 603 (1996); Experimental Medicine, 11, 2491 
(1993); cDNA Cloning (Yodo-sha) (1996); Methods for 
Preparing Gene Libraries (Yodo-sha) (1994) may be used 
in the following analysis 
0285) Degenerative primers specific for the 5'-terminal 
and 3'-terminal nucleotide Sequences of a nucleotide 
Sequence presumed to encode the amino acid Sequence are 
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prepared based on the amino acid Sequence of the enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose, and/or the enzyme relating to the modification 
of a Sugar chain wherein 1-position of fucose is bound to 
6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain, and DNA is amplified by PCR PCR Protocols, 
Academic Press (1990) using the prepared cDNA library as 
the template to obtain a gene fragment encoding the enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose, and/or the enzyme relating to the modification 
of a Sugar chain wherein 1-position of fucose is bound to 
6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain. 

0286. It can be confirmed that the obtained gene fragment 
is a DNA encoding the enzyme relating to the Synthesis of 
an intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain, by a method usually 
used for Sequencing a nucleotide, Such as the dideoxy 
method of Sanger et al. Proc. Natl. Acad. Sci. USA, 74, 
54.63 (1977)), a nucleotide sequence analyzer such as ABI 
PRISM 377 DNA Sequencer (manufactured by Applied 
Biosystems) or the like. 
0287. A DNA encoding the enzyme relating to the syn 
thesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain can be obtained 
by carrying out colony hybridization or plaque hybridization 
(Molecular Cloning, Second Edition) for the cDNA or 
cDNA library synthesized from the mRNA contained in the 
human or non-human animal tissue or cell, using the gene 
fragment as a DNA probe. 

0288 Also, a DNA encoding the enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through at-bond in 
the complex N-glycoside-linked Sugar chain can be obtained 
by carrying out Screening by PCR using the primers used for 
obtaining the gene fragment encoding the enzyme relating to 
the Synthesis of an intracellular Sugar nucleotide, GDP 
fucose, and/or the enzyme relating to the modification of a 
Sugar chain wherein 1-position of fucose is bound to 6-po 
Sition of N-acetylglucosamine in the reducing end through 
C-bond in the complex N-glycoside-linked Sugar chain and 
using the cDNA or cDNA library synthesized from the 
mRNA contained in a human or non-human animal tissue or 
cell as the template. 

0289. The nucleotide sequence of the obtained DNA 
encoding the enzyme relating to the Synthesis of an intrac 
ellular Sugar nucleotide, GDP-fucose, and/or the enzyme 
relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain is determined by 
analyzing the nucleotide Sequence from its terminus by a 
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method usually used for Sequencing a nucleotide, Such as the 
dideoxy method of Sanger et al. Proc. Natl. Acad. Sci. USA, 
74, 5463 (1977), a nucleotide sequence analyzer such as 
ABIPRISM 377 DNA Sequencer (manufactured by Applied 
Biosystems) or the like. 
0290. A gene encoding the enzyme relating to the syn 
thesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain can also be 
determined from genes in databases by Searching nucleotide 
sequence data bases such as GenBank, EMBL, DDBJ and 
the like using a homology Searching program Such as 
BLAST based on the determined cDNA nucleotide 
Sequence. 

0291. The nucleotide sequence of the gene obtained by 
the method encoding the enzyme relating to the Synthesis of 
an intracellular Sugar nucleotide, GDP-fucose includes the 
nucleotide sequence represented by SEQ ID NO:48, 51 or 
41. The nucleotide Sequence of the gene encoding the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain includes the nucleotide 
sequence represented by SEQ ID NO:1 or 2. 
0292. The cDNA encoding the enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain can also be 
obtained by chemically synthesizing it with a DNA synthe 
sizer Such as DNA Synthesizer model 392 manufactured by 
Perkin Elmer or the like using the phosphoamidite method, 
based on the determined DNA nucleotide Sequence. 
0293 As an example of the method for preparing a 
genomic DNA encoding the enzyme relating to the Synthesis 
of an intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain, the method described 
below is exemplified. 
0294 Preparation Method of Genomic DNA: 
0295). As the method for preparing genomic DNA, known 
methods described in Molecular Cloning, Second Edition; 
Current Protocols in Molecular Biology, and the like can be 
mentioned. In addition, a genomic DNA encoding the 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or the enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain can also be isolated using a kit Such as Genomic 
DNA Library Screening System (manufactured by Genome 
Systems), Universal GenomeWalkerTM Kits (manufactured 
by CLONTECH) or the like. 
0296. The nucleotide sequence of the genoric DNA, 
obtained by the above method, encoding the enzyme relating 
to the Synthesis of an intracellular Sugar nucleotide, GDP 
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fucose, includes the nucleotide Sequence represented by 
SEQ ID NO:57 or 60. The nucleotide sequence of the 
genomic DNA encoding the enzyme relating to the modifi 
cation of a Sugar chain wherein 1-position of fucose is bound 
to 6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain includes the nucleotide Sequence represented by SEQ 
ID NO:3. 

0297. In addition, the host cell of the present invention 
can also be obtained without using an expression vector, by 
directly introducing an antisense oligonucleotide or 
ribozyme into a host cell, which is designed based on the 
nucleotide Sequence encoding the enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain. 
0298 The antisense oligonucleotide or ribozyme can be 
prepared in the usual method or using a DNA Synthesizer. 
Specifically, it can be prepared based on the Sequence 
information of an oligonucleotide having a corresponding 
sequence of continuous 5 to 150 bases, preferably 5 to 60 
bases, and more preferably 10 to 40 bases, among nucleotide 
Sequences of a cDNA and a genomic DNA encoding the 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or the enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain, by Synthesizing an oligonucleotide which cor 
responds to a Sequence complementary to the oligonucle 
otide (antisense oligonucleotide) or a ribozyme comprising 
the oligonucleotide Sequence. 
0299 The oligonucleotide includes oligo RNA and 
derivatives of the oligonucleotide (hereinafter referred to as 
“oligonucleotide derivatives”). 
0300. As the oligonucleotide derivatives, oligonucleotide 
derivatives in which a phosphodiester bond in the oligo 
nucleotide is converted into a phosphorothioate bond, oli 
gonucleotide derivatives in which a phosphodiester bond in 
the oligonucleotide is converted into an N3'-P5' phosphoa 
midate bond, oligonucleotide derivatives in which ribose 
and a phosphodiester bond in the oligonucleotide are con 
verted into a peptide-nucleic acid bond, oligonucleotide 
derivatives in which uracil in the oligonucleotide is Substi 
tuted with C-5 propynyluracil, oligonucleotide derivatives in 
which uracil in the oligonucleotide is substituted with C-5 
thiazoleuracil, oligonucleotide derivatives in which cytosine 
in the oligonucleotide is Substituted with C-5 propynylcy 
tosine, oligonucleotide derivatives in which cytosine in the 
oligonucleotide is Substituted with phenoxazine-modified 
cytosine, oligonucleotide derivatives in which ribose in the 
oligonucleotide is Substituted with 2'-O-propylribose, oligo 
nucleotide derivatives in which ribose in the oligonucleotide 
is substituted with 2'-methoxyethoxyribose Cell Technol 
ogy, 16, 1463 (1997) and the like can be mentioned. 
0301 (b) Preparation of the Host Cell for Preparing the 
Cell of the Present Invention by Homologous Recombina 
tion 

0302) The host cell for preparing the cell of the present 
invention can be produced by modifying a target gene on 
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chromosome through a homologous recombination tech 
nique, and using a gene encoding an enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or an enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain as the target 
gene. 

0303. The target gene on the chromosome can be modi 
fied by using a method described in Manipulating the Mouse 
Embryo, A Laboratory Manual, Second Edition, Cold 
Spring Harbor Laboratory Press (1994) (hereinafter referred 
to as “Manipulating the Mouse Enbiyo, A Laboratory 
Manual); Gene Targeting, A Practical Approach, IRL Press 
at Oxford University Press (1993); Biomanual Series 8, 
Gene Targeting, Preparation of Mutant Mice using ES Cells, 
Yodo-sha (1995) (hereinafter referred to as “Preparation of 
Mutant Mice using ES Cells”); or the like, for example, as 
follows. 

0304. A genomic DNA encoding an enzyme relating to 
the Synthesis of an intracellular Sugar nucleotide, GDP 
fucose, and/or an enzyme relating to the modification of a 
Sugar chain wherein 1-position of fucose is bound to 6-po 
Sition of N-acetylglucosamine in the reducing end through 
C-bond in the complex N-glycoside-linked Sugar chain is 
prepared. 
0305 Based on the nucleotide sequence of the genomic 
DNA, a target vector is prepared for homologous recombi 
nation of a target gene to be modified (e.g., structural gene 
of the enzyme relating to the Synthesis of an intracellular 
Sugar nucleotide, GDP-fucose, and/or the enzyme relating to 
the modification of a Sugar chain wherein 1-position of 
fucose is bound to 6-position of N-acetylglucosamine in the 
reducing end through C-bond in the complex N-glycoside 
linked Sugar chain, or a promoter gene). 
0306 The host cell for preparing the cell of the present 
invention can be produced by introducing the prepared 
target vector into a host cell and Selecting a cell in which 
homologous recombination occurred between the target 
gene and target Vector. 
0307 As the host cell, any cell such as a yeast, an animal 
cell, an insect cell or a plant cell can be used, So long as it 
has a gene encoding the enzyme relating to the Synthesis of 
an intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain. Examples include host 
cells described in the following item 3. 
0308 The method for preparing a genomic DNA encod 
ing the enzyme relating to the Synthesis of an intracellular 
Sugar nucleotide, GDP-fucose, and/or the enzyme relating to 
the modification of a Sugar chain wherein 1-position of 
fucose is bound to 6 position of N-acetylglucosamine in the 
reducing end through at-bond in the complex N-37 glyco 
Side-linked Sugar chain includes the methods described in 
the preparation of genomic DNA in item 1 (1)(a) and the 
like. 

0309 The nucleotide sequence of genomic DNA encod 
ing the enzyme relating to the Synthesis of an intracellular 
Sugar nucleotide, GDP-fucose, includes the nucleotide 
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sequence represented by SEQ ID NO-57 or 60. The nucle 
otide Sequence of genomic DNA encoding the enzyme 
relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain include the nucleotide 
sequence represented by SEQ ID NO:3. 

0310. The target vector for the homologous recombina 
tion of the target gene can be prepared in accordance with a 
method described in Gene Targeting, A Practical Approach, 
IRL Press at Oxford University Press (1993); Biomanual 
Series 8, Gene Targeting, Preparation of Mutant Mice using 
ES Cells, Yodo-sha (1995); or the like. The target vector can 
be used as either a replacement type or an insertion type. 

0311 For introducing the target vector into various host 
cells, the methods for introducing recombinant vectorS Suit 
able for various host cells, which are described in the 
following item 3, can be used. 

0312 The method for efficiently selecting a homologous 
recombinant includes a method Such as the positive Selec 
tion, promoter Selection, negative Selection or polyA Selec 
tion described in Gene Targeting, A Practical Approach, IRL 
Press at Oxford University Press (1993); Biomanual Series 
8, Gene Targeting, Preparation of Mutant Mice using ES 
Cells, Yodo-sha (1995); or the like. The method for selecting 
the homologous recombinant of interest from the Selected 
cell lines includes the Southern hybridization method for 
genomic DNA (Molecular Cloning, Second Edition), PCR 
PCR Protocols, Academic Press (1990)), and the like. 
0313 (c) Preparation of the Host Cell for Preparing the 
Cell of the Present Invention by RDO Method 

0314. The host cell for preparing the cell of the present 
invention can be prepared by an RDO (RNA-DNA oligo 
nucleotide) method by targeting a gene encoding an enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose, and/or an enzyme relating to the modification 
of a Sugar chain wherein 1-position of fucose is bound to 
6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain, for example, as follows. 

0315 AcDNA or a genomic DNA encoding an enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose, and/or an enzyme relating to the modification 
of a Sugar chain wherein 1-position of fucose is bound to 
6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain is prepared. 

0316 The nucleotide sequence of the prepared cDNA or 
genomic DNA is determined. 

0317 Based on the determined DNA sequence, an appro 
priate length of an RDO construct comprising a DNA which 
encodes the enzyme relating to the Synthesis of an intrac 
ellular Sugar nucleotide, GDP-fucose, and/or the enzyme 
relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain. The designed RDO 
construct can further comprise a part of non translation 
region or a part of an intron. 
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0318. The host cell of the present invention can be 
obtained by introducing the synthesized RDO into a host cell 
and then Selecting a transformant in which a mutation 
occurred in the target enzyme, that is, the enzyme relating to 
the Synthesis of an intracellular Sugar nucleotide, GDP 
fucose, and/or the enzyme relating to the modification of a 
Sugar chain wherein 1-position of fucose is bound to 6-po 
Sition of N-acetylglucosamine in the reducing end through 
ol-bond in the complex N-glycoside-linked Sugar chain. 
03.19. As the host cell, any cell such as a yeast, an animal 
cell, an insect cell or a plant cell can be used, So long as it 
has a gene encoding the target enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the target enzyme relating to the modification of a 
Sugar chain wherein 1-position of fucose is bound to 6-po 
Sition of N-acetylglucosamine in the reducing end through 
C-bond in the complex N-glycoside-linked Sugar chain. 
Examples include host cells described in the following item 
3. 

0320 The method for introducing RDO into various host 
cells includes the methods for introducing recombinant 
vectors Suitable for various host cells, which are described 
in the following item 3. 
0321) The method for preparing cDNA encoding the 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or the enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain include the methods described in the preparation 
method of DNA in item 1(1)(a) and the like. 
0322 The method for preparing a genomic DNA encod 
ing the enzyme relating to the Synthesis of an intracellular 
Sugar nucleotide, GDP-fucose, and/or the enzyme relating to 
the modification of a Sugar chain wherein 1-position of 
fucose is bound to 6-position of N-acetylglucosamine in the 
reducing end through C-bond in the complex N-glycoside 
linked Sugar chain include the methods in preparation of 
genomic DNA described in item 1(1)(a) and the like. 
0323 The nucleotide sequence of the DNA can be deter 
mined by digesting it with appropriate restriction enzymes, 
cloning the DNA fragments into a plasmid Such as p3lue 
Script SK(-) (manufactured by Stratagene) or the like, 
Subjecting the clones to the reaction generally used as a 
method for analyzing a nucleotide Sequence Such as the 
dideoxy method Proc. Natl. Acad Sci USA, 74, 5463 
(1977) of Sanger et al. or the like, and then analyzing the 
clones using an automatic nucleotide Sequence analyzer 
such as A.L.F. DNA Sequencer (manufactured by Pharma 
cia) or the like. 
0324. The RDO can be prepared by a usual method or 
using a DNA synthesizer. 

0325 The method for selecting a cell in which a mutation 
occurred, by introducing the RDO into the host cell, in the 
gene encoding the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain includes the methods 
for directly detecting mutations in chromosomal genes 
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described in Molecular Cloning, Second Edition, Current 
Protocols in Molecular Biology and the like. 
0326. Also, as the method, the method described in item 
1(1)(a) for Selecting a transformant through the evaluation of 
the activity of the introduced enzyme relating to the Syn 
thesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain; the method for 
Selecting a transformant based on the Sugar chain Structure 
of a glycoprotein on the cell membrane which will be 
described later in item 1(5); and the method for Selecting a 
transformant based on the Sugar chain Structure of the 
produced antibody molecule which will be described later in 
item 4 or 5, and the like can be used. 
0327. The construct of the RDO can be designed in 
accordance with the methods described in Science, 273, 
1386 (1996); Nature Medicine, 4, 285 (1998); Hepatoloy, 
25, 1462 (1997); Gene Therapy, 5, 1960 (1999); J. Mol. 
Med., 75,829 (1997); Proc. Natl. AcadSci, USA, 96,8774 
(1999); Proc. Natl. Acad. Sci. USA, 96, 8768 (1999); Nuc. 
Acids. Res., 7, 1323 (1999); Invent Dematol., 111, 1172 
(1998); Nature Biotech., 16, 1343 (1998); Nature Biotech., 
18, 43 (2000); Nature Biotech., A, 555 (2000); and the like. 
0328) (d) Preparation of the Host Cell for Preparing the 
Cell of the Present Invention by the RNAi Method 
0329. The host cell for preparing the cell of the present 
invention can be prepared by the RNAi (RNA interference) 
method by targeting a gene of an enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or of an enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain, for example, as 
follows. 

0330. A cDNA encoding an enzyme relating to the syn 
thesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or an enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain is prepared. 
0331. The nucleotide sequence of the prepared cDNA is 
determined. 

0332 Based on the determined DNA sequence, an appro 
priate length of an RNAi gene construct comprising a part of 
DNA encoding the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain is designed. The 
designed construct can ether comprise a part of its non 
translation region. 
0333. In order to express the RNAi gene in a cell, a 
recombinant vector is prepared by inserting a fragment or 
full length of the prepared DNA into downstream of the 
promoter of an appropriate expression vector. 
0334. A transformant is obtained by introducing the 
recombinant vector into a host cell Suitable for the expres 
Sion vector. 
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0335 The host cell for preparing the cell of the present 
invention can be obtained by Selecting a transformant based 
on the activity of the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or of the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through Co-bond in the 
complex N-glycoside-linked Sugar chain, or based on the 
Sugar chainstructure of a glycoprotein on the cell membrane 
or of the produced antibody molecule. 

0336 AS the host cell, any cell such as a yeast, an animal 
cell, an insect cell or a plant cell can be used, So long as it 
has a gene encoding the target enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the target enzyme relating to the modification of a 
Sugar chain wherein 1-position of fucose is bound to 6 
position of N-acetylglucosamine in the reducing end through 
C-bond in the complex N-glycoside-linked Sugar chain. 
Examples include host cells described in the following item 
3. 

0337 As the expression vector, a vector which is autono 
mously replicable in the host cell or can be integrated into 
the chromosome and comprises a promoter at Such a posi 
tion that the designed RNAi gene can be transferred is used. 
Examples include expression vectors described in the fol 
lowing item 3. 

0338. As the method for introducing a gene into various 
host cells, the methods for introducing recombinant vectors 
suitable for various host cells, which are described in the 
following item 3, can be used. 

0339. The method for selecting a transformant based on 
the activity of the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain includes the methods 
described in item 1(1)(a). 
0340. The method for selecting a transformant based on 
the Sugar chain Structure of a glycoprotein on the cell 
membrane includes the methods which will be described 
later in item 1(5). The method for selecting a transformant 
based on the Sugar chain Structure of a produced antibody 
molecule includes the methods described in the following 
item 4 or 5. 

0341 The method for preparing cDNA encoding the 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, or the enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain includes the methods described in the prepara 
tion method of DNA in item 1(1)(a) and the like. 
0342. In addition, the host cell for preparing the cell of 
the present invention can also be obtained without using an 
expression vector, by directly introducing an RNAi gene 
designed based on the nucleotide Sequence encoding the 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or the enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
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is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain. 
0343. The RNAi gene can be prepared in the usual 
method or using a DNA synthesizer. 
0344) The RNAi gene construct can be designed in 
accordance with the methods described in Nature, 391, 806 
(1998); Proc. Natl. Acad. Sci. USA, 95, 15502 (1998); 
Nature, 95,854.(1998); Proc. Natl. Acad. Sci. USA, 96,5049 
(1999); Cell, 95, 1017 (1998); Proc. Natl. Acad. Sci. USA, 
96, 1451 (1999); Proc. Natl. Acad. Sci. USA, 95, 13959 
(1998); Nature Cell Biol., 2, 70 (2000); and the like. 
0345 (e) Preparation of the Host Cell for Preparing the 
Cell of the Present Invention by the Method Using Trans 
poson 

0346) The host cell for preparing the cell of the present 
invention can be prepared by inducing mutation using a 
transposon system described in Nature Genet., 25, 35 (2000) 
or the like, and then by Selecting a mutant based on the 
activity of the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain, or based on the Sugar 
chain Structure of a glycoprotein of a produced antibody 
molecule or on the cell membrane. 

0347 The transposon system is a system in which a 
mutation is induced by randomly inserting an exogenous 
gene into chromosome, wherein an exogenous gene inter 
posed between transposons is generally used as a vector for 
inducing a mutation, and a transposase expression vector for 
randomly inserting the gene into chromosome is introduced 
into the cell at the same time. 

0348 Any transposase can be used, So long as it is 
Suitable for the Sequence of the transposon to be used. 

0349 AS the exogenous gene, any gene can be used, So 
long as it can induce a mutation in the DNA of a host cell. 
0350. As the host cell, any cell such as a yeast, an animal 
cell, an insect cell or a plant cell can be used, So long as it 
has a gene encoding the target enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or of the target enzyme relating to the modification of a 
Sugar chain wherein 1-position of fucose is bound to 6-po 
Sition of N-acetylglucosamine in the reducing end through 
C-bond in the complex N-glycoside-linked Sugar chain. 
Examples include host cells described in the following item 
3. For introducing the gene into various host cells, the 
methods for introducing recombinant vectorS Suitable for 
various host cells, which are described in the following item 
3, can be used. 

0351. The method for selecting a mutant based on the 
activity of the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain includes the methods 
described in item 1(1)(a). 
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0352. The method for selecting a mutant based on the 
Sugar chainstructure of a glycoprotein on the cell membrane 
includes the methods described in the following item 1(5). 
The method for Selecting a mutant based on the Sugar chain 
Structure of a produced antibody molecule includes the 
methods described in the following item 4 or 5, 
0353 (2) Method for Introducing a Dominant Negative 
Mutant of a Gene Encoding an Enzyme 
0354) The host cell for preparing the cell of the present 
invention can be prepared by targeting a gene encoding an 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or an enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain, and using a technique for introducing a domi 
nant negative mutant of the enzyme. The enzyme relating to 
the Synthesis of an intracellular Sugar nucleotide, GDP 
fucose, includes GMD, FX, GFPP, fucokinase and the like. 
The enzyme relating to the modification of a Sugar chain 
wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain includes C.1,6- 
fucosyltransferase, C-L-fucosidase and the like. 
0355 The enzymes catalyze specific reactions having 
Substrate Specificity, and dominant negative mutants of a 
gene encoding the enzymes can be prepared by disrupting 
the active center of the enzymes which catalyze the catalytic 
activity having Substrate Specificity. The method for prepar 
ing a dominant negative mutant is specifically described as 
follows with reference to GMD among the target enzymes. 
0356. As a result of the analysis of the three-dimensional 
structure of E. coli-derived GMD, it has been found that 4 
amino acids (threonine at position 133, glutamic acid at 
position 135, tyrosine at position 157 and lysine at position 
161) have an important function on the enzyme activity 
(Stacture, 8, 2, 2000). That is, when mutants were prepared 
by Substituting the 4 amino acids with other different amino 
acids based on the three-dimensional Structure information, 
the enzyme activity of all of the mutants was significantly 
decreased. On the other hand, changes in the ability of 
mutant GMD to bind to GMD coenzyme NADP or its 
substrate GDP-mannose were hardly observed. Accordingly, 
a dominant negative mutant can be prepared by Substituting 
the 4 amino acids which control the enzyme activity of 
GMD. For example, in GMD (SEQ ID NO:41) derived from 
CHO cell, a dominant negative mutant can be prepared by 
Substituting threonine at position 155, glutamic acid at 
position 157, tyrosine at position 179 and lysine at position 
183 with other amino acids, by comparing the homology and 
predicting the three-dimensional Structure using the amino 
acid Sequence information based on the results of the E. 
coli-derived GMD. Such a gene into which amino acid 
Substitution is introduced can be prepared by the Site 
directed mutagenesis described in Molecular Cloning, Sec 
Ond Edition, Current Protocols in Molecular Biology or the 
like. 

0357 The host cell for preparing the cell of the present 
invention can be prepared in accordance with the method 
described in Molecular Cloning, Second Edition, Current 
Protocols in Molecular Biology or the like, using the pre 
pared dominant negative mutant gene of the target enzyme, 
for example, as follows. 
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0358) A gene encoding a dominant negative mutant 
(hereinafter referred to as "dominant negative mutant gene') 
of the enzyme relating to the Synthesis of an intracellular 
Sugar nucleotide, GDP-fucose, and/or the enzyme relating to 
the modification of a Sugar chain wherein 1-position of 
fucose is bound to 6-position of N-acetylglucosamine in the 
reducing end through C-bond in the complex N-glycoside 
linked Sugar chain is prepared. 

0359 Based on the prepared full length DNA of domi 
nant negative mutant gene, a DNA fragment of an appro 
priate length containing a moiety encoding the protein is 
prepared, if necessary. 

0360 A recombinant vector is produced by inserting the 
DNA fragment or full length DNA into downstream of the 
promoter of an appropriate expression vector. 

0361. A transformant is obtained by introducing the 
recombinant vector into a host cell Suitable for the expres 
Sion vector, The host cell for preparing the cell of the present 
invention can be prepared by Selecting a transformant based 
on the activity of the-enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or the activ 
ity of the enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain, or the Sugar 
chain Structure of a glycoprotein of a produced antibody 
molecule or on the cell membrane. 

0362 AS the host cell, any cell Such as a yeast, an animal 
cell, an insect cell or a plant cell can be used, So long as it 
has a gene encoding the target enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the target enzyme relating to the modification of a 
Sugar chain wherein 1-position of fucose is bound to 6-po 
Sition of N-acetylglucosamine in the reducing end through 
C-bond in the complex N-glycoside-linked Sugar chain. 
Examples include the host cells which will be described later 
in the following item 3. 

0363 As the expression vector, a vector which is autono 
mously replicable in the host cell or can be integrated into 
the chromosome and comprises a promoter at a position 
where transcription of the DNA encoding the dominant 
negative mutant of interest can be effected is used. Examples 
include expression vectors described in the following item 3. 

0364 For introducing the gene into various host cells, the 
methods for introducing recombinant vectorS Suitable for 
various host cells, which are described in the following item 
3, can be used. 

0365. The method for selecting a transformant based on 
the activity of the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain includes the methods 
described in item 1(1)(a). 
0366 The method for selecting a transformant based on 
the Sugar chain Structure of a glycoprotein on the cell 
membrane includes the methods described in item 1(5). The 
method for Selecting a transformant based on the Sugar chain 
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Structure of a produced antibody molecule includes methods 
described in the following item 4 or 5. 
0367 (3) Method for Introducing a Mutation into an 
Enzyme 

0368. The host cell for preparing the cell of the present 
invention can be prepared by introducing a mutation into a 
gene encoding an enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, or an enzyme 
relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain, and then by Selecting 
a cell line of interest in which the mutation occurred in the 
enzyme. 

0369 The enzyme relating to the synthesis of an intrac 
ellular Sugar nucleotide, GDP-fucose, includes GMD, FX, 
GFPP, fucokinase and the like. The enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain includes C1,6-fucosyltransferase, C-L-fucosi 
dase and the like. 

0370. The method includes 1) a method in which a 
desired cell line is Selected from mutants obtained by a 
mutation-inducing treatment of a parent cell line with a 
mutagen or Spontaneously generated mutants, based on the 
activity of an enzyme relating to the Synthesis of an intra 
cellular Sugar nucleotide, GDP-fucose, and/or the activity of 
an enzyme relating to the modification of a Sugar chain 
wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain, 2) a method in 
which a desired cell line is selected from mutants obtained 
by a mutation-inducing treatment of a parent cell line with 
a mutagen or Spontaneously generated mutants, based on the 
Sugar chain Structure of a produced antibody molecule, and 
3) a method in which a desired cell line is selected from 
mutants obtained by a mutation-inducing treatment of a 
parent cell line with a mutagen or Spontaneously generated 
mutants, based on the Sugar chain Structure of a glycoprotein 
on the cell membrane. 

0371. As the mutation-inducing treatment, any treatment 
can be used, So long as it can induce a point mutation or a 
deletion or frame shift mutation in the DNA of cells of the 
parent cell line. 

0372 Examples include treatment with ethyl nitrosourea, 
nitroSoguanidine, benzopyrene or an acridine pigment and 
treatment with radiation. Also, various alkylating agents and 
carcinogens can be used as mutagens. The method for 
allowing a mutagen to act upon cells includes the methods 
described in Tissue Culture Techniques, 3rd edition 
(ASakura Shoten), edited by Japanese Tissue Culture ASSo 
ciation (1996), Nature Genet., 24, 314 (2000) and the like. 
0373 The spontaneously generated mutant includes 
mutants which are Spontaneously formed by continuing 
Subculture under general cell culture conditions without 
applying Special mutation-inducing treatment. 

0374. The method for measuring the activity of the 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or the activity of the enzyme 
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relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain includes the methods 
described in item 1(1)(a). The method for discriminating the 
Sugar chain Structure of a prepared antibody molecule 
includes methods described in the following item 4 or 5. The 
method for discriminating the Sugar chain Structure of a 
glycoprotein on the cell membrane includes the methods 
described in item 1(5). 
0375 (4) Method for Inhibiting Transcription and/or 
Translation of a Gene Encoding an Enzyme 
0376 The host cell of the present invention can be 
prepared by inhibiting transcription and/or translation of a 
target gene through a method Such as the antisense RNA/ 
DNA technique Bioscience and Industry, 50,322 (1992); 
Chemistry, 46, 681 (1991); Biotechnology, 9, 358 (1992); 
Trends in Biotechnology, 10, 87 (1992); Trends in Biotech 
nology, 10, 152 (1992); Cell Engineering, 16, 1463 (1997)), 
the triple helix technique Trends in Biotechnology, 10, 132 
(1992) or the like, using a gene encoding an enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose, and/or an enzyme relating to the modification 
of a Sugar chain wherein 1-position of fucose is bound to 
6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain, as the target. 
0377 The enzyme relating to the synthesis of an intrac 
ellular Sugar nucleotide, GDP-fucose includes GMD, FX, 
GFPP, fucokinase and the like. The enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the complex N-glycoside-linked 
Sugar chain includes C1,6-fucosyltransferase, C-L-fucosi 
dase and the like. 

0378 (5) Method for Selecting a Cell Line Resistant to a 
Lectin which Recognizes a Sugar Chain Structure in which 
1-position of Fucose is Bound to 6-position of N-acetylglu 
cosamine in the Reducing End Through C-bond in the 
N-glycoside-linked Sugar Chain 
0379 The host cell for preparing the cell of the present 
invention can be prepared by using a method for Selecting a 
cell line resistant to a lectin which recognizes a Sugar chain 
Structure in which 1-position of fucose is bound to 6-posi 
tion of N-acerylglucosamine in the reducing end through 
o-bond in the N-glycoside-linked Sugar chain. 

0380 The method for selecting a cell line resistant to a 
lectin which recognizes a Sugar chain Structure in which 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the N-gly 
coside-linked Sugar chain includes the methods using lectin 
described in Somatic Cell Mol. Genet., 12, 51 (1986) and the 
like. 

0381. As the lectin, any lectin can be used, so long as it 
is a lectin which recognizes a Sugar chain Structure in which 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the N-gly 
coside-linked Sugar chain. Examples include a Lens Culi 
naris lectin LCA (lentil agglutinin derived from Lens 
culinaris), a pea lectin PSA (pea lectin derived from Pisum 
sativum), a broad bean lectin VFA (agglutinin derived from 
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Vicia faba), an Aleutia aurantia lectin AAL (lectin derived 
from Aleuria aurantia) and the like. 
0382 Specifically, the cell line of the present invention 
resistant to a lectin which recognizes a Sugar chain Structure 
in which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the N-glycoside-linked Sugar chain can be Selected by 
culturing cells for 1 day to 2 weeks, preferably from 1 day 
to 1 week, using a medium comprising the lectin at a 
concentration of 1 tug/ml to 1 mg/ml, Subculturing Surviving 
cells or picking up a colony and transferring it into a culture 
vessel, and Subsequently continuing the culturing using the 
lectin-containing medium. 
0383 2. Preparation of a Transgenic Non-Human Animal 
or Plant or the Progenies Thereof of the Present Invention 
0384. The transgenic non-human animal or plant or the 
progenies thereof in which a genome gene is modified in 
Such a manner that the activity of an enzyme relating to the 
modification of a Sugar chain of an antibody molecule can be 
controlled can be prepared from the embryonic Stem cell, the 
fertilized egg cell or the plant callus cell of the present 
invention prepared by the above item 1 using a gene 
encoding an enzyme relating to the Synthesis of an intrac 
ellular Sugar nucleotide, GDP-fucose, and/or an enzyme 
relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through at-bond in the com 
plex N-glycoside-linked Sugar chain, as the target, for 
example, as follows. 
0385) In a transgenic non-human animal, the embryonic 
stem cell of the present invention in which the activity of the 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or the activity of the enzyme 
relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain is controlled can be 
prepared by the method described in item 1 to an embryonic 
Stem cell of the intended non-human animal Such as cattle, 
sheep, goat, pig, horse, mouse, rat, fowl, monkey, rabbit or 
the like. 

0386 Specifically, a mutant clone is prepared in which a 
gene encoding the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or the 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain is inactivated or Sub 
Stituted with any Sequence, by a known homologous 
recombination technique e.g., Nature, 326, 6110, 295 
(1987); Cell, 51, 3, 503 (1987); or the like). Using the 
prepared embryonic stem cell (e.g., the mutant clone), a 
chimeric individual comprising the embryonic Stem cell 
clone and a normal cell can be prepared by an injection 
chimera method into blastocyst of fertilized egg of an animal 
or by an aggregation chimera method. The chimeric indi 
vidual is crossed with a normal individual, So that a trans 
genic non-human animal in which the activity of the enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose, and/or the activity of the enzyme relating to the 
modification of a Sugar chain wherein 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
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ing end through C-bond in the complex N-glycoside-linked 
Sugar chain is decreased or deleted in the whole body cells 
can be obtained. 

0387 Also, a fertilized egg cell of the present invention 
in which the activity of an enzyme relating to the Synthesis 
of an intracellular Sugar nucleotide, GDP-fucose, and/or the 
activity of an enzyme relating to the modification of a Sugar 
chain wherein 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain is decreased or 
deleted can be prepared by applying the method similar to 
that in item 1 to fertilized egg of a non-human animal of 
interest Such as cattle, sheep, goat, pig, horse, mouse, rat, 
fowl, monkey, rabbit or the like. 
0388 A transgenic non-human animal in which the activ 
ity of an enzyme relating to the Synthesis of an intracellular 
Sugar nucleotide, GDP-fucose, and/or the activity of an 
enzyme relating to the modification of a Sugar chain wherein 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through CL-bond in the 
complex N-glycoside-linked Sugar chain is decreased can be 
prepared by transplanting the prepared fertilized egg cell 
into the Oviduct or uterus of a pseudopregnant female using 
the embryo transplantation method described in Manipulat 
ing Mouse Embryo, Second Edition or the like, followed by 
childbirth by the animal. 
0389. In a transgenic plant, the callus of the present 
invention in which the activity of an enzyme relating to the 
Synthesis of an intracellular Sugar nucleotide, GDP-fucose, 
and/or the activity of an enzyme relating to the modification 
of a Sugar chain wherein 1 position of fucose is bound to 
6-position of N-acetylglucosamine in the reducing end 
through C-bond in the complex N-glycoside-linked Sugar 
chain is decreased or deleted can be prepared by applying 
the method similar to that in item 1 to a callus or cell of the 
plant of interest. 
0390 A transgenic plant in which the activity of an 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose, and/or the activity of an enzyme 
relating to the modification of a Sugar chain wherein 1-po 
Sition of fucose is bound to 6-position of N-acetylglu 
cosamine in the reducing end through C-bond in the com 
plex N-glycoside-linked Sugar chain is decreased can be 
prepared by culturing the prepared callus using a medium 
comprising auxin and cytokinin to redifferentiate it in accor 
dance with a known method Tissue Culture, 20 (1994); 
Tissue Culture, 21 (1995); Trends in Biotechnology, 15, 45 
(1997)3 
0391) 3. Process for Producing the Antibody Composi 
tion 

0392 The antibody composition can be obtained by 
expressing it in a host cell using the methods described in 
Molecular Cloning, Second Edition; Current Protocols in 
Molecular Biology, Antibodies, A Laboratory Manual, Cold 
Spring Harbor Laboratory, 1988 (hereinafter referred also to 
as “Antibodies”); Monoclonal Antibodies: Principles and 
Practice, Third Edition, Acad. Press, 1993 (hereinafter 
referred also to as “Monoclonal Antibodies”); and Antibody 
Engineering, A Practical Approach, IRL Press at Oxford 
University Press (hereinafter referred also to as “Antibody 
Engineering'), for, example, as follows. 
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0393 A full length cDNA encoding the anti-CD20 anti 
body molecule of the present invention is prepared, and an 
appropriate length of a DNA fragment comprising a region 
encoding the antibody molecule is prepared. 

0394. A recombinant vector is prepared by inserting the 
DNA fragment or the full length cDNA into downstream of 
the promoter of an appropriate expression vector. 

0395 A transformant which produces the antibody mol 
ecule can be obtained by introducing the recombinant vector 
into a host cell Suitable for the expression vector. 

0396 AS the host cell, any of a yeast, an animal cell, an 
insect cell a plant cell or the like can be used, So long as it 
can express the gene of interest. 

0397 As the host cell, a cell into which an enzyme 
relating to the modification of an N-glycoside-linked Sugar 
chain which binds to the Fc region of the antibody molecule, 
i.e., an enzyme relating to the Synthesis of an intracellular 
Sugar nucleotide, GDP-fucose and/or the activity of an 
enzyme relating to the modification of a Sugar chain in 
which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain is decreased or 
deleted or a cell obtained by various artificial techniques 
described in item 1 can also be used. 

0398 As the expression vector, a vector which is autono 
mously replicable in the host cell or can be integrated into 
the chromosome and comprises a promoter at Such a posi 
tion that the DNA encoding the antibody molecule of 
interest can be transferred is used. 

0399. The cDNA can be prepared from a human or 
non-human tissue or cell using, e.g., a probe primer Specific 
for the antibody molecule of interest, in accordance with the 
methods described in the preparation method of DNA in 
item 1(1)(a). 
04.00 When a yeast is used as the host cell, the expression 
vector includes YEP13 (ATCC 37115), YEp24 (ATCC 
37051), YCp50 (ATCC 37419) and the like. 
0401] Any promoter can be used, so long as it can 
function in yeast. Examples include a promoter of a gene of 
the glycolytic pathway Such as a hexose kinase gene, PH05 
promoter, PGK promoter, GAP promoter, ADH promoter, 
gal 1 promoter, gal 10 promoter, heat shock protein pro 
moter, ME C.1 promoter, CUP 1 promoter and the like. 

0402. The host cell includes microorganisms belonging 
to the genus Saccharomyces, the genus Schizosaccharomy 
ces, the genus Kluyveromyces, the genus TrichoSporon, the 
genus Schwanniomyces and the like, Such as Saccharomyces 
cerevisiae, Schizosaccharomyces pombe, Kluyveromyces 
lactis, TrichoSporon pulularis and Schwanniomyces allu 

S. 

0403. As the method for introducing the recombinant 
vector, any method can be used, So long as it can introduce 
DNA into yeast. Examples include electroporation Methods 
in Enzymology, 194, 182 (1990)), the spheroplast method 
Proc. Natl. Acad. Sci. USA, 94, 1929 (1978)), the lithium 
acetate method J. Bacteriol, 153, 163 (1983)), the method 
described in Proc. Natl. Acad. Sci. USA, 75, 1929 (1978) and 
the like. 
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04.04. When an animal cell is used as the host, the 
expression vector includes pcDNAI, pcDM8 (available from 
Funakoshi), p.AGE107 Japanese Published Examined 
Patent Application No. 22979/91; Cytotechnology, 3, 133 
(1990), paS3-3 (Japanese Published Examined Patent 
Application No. 227075/90), pCDM8 Nature, 329, 840 
(1987), pcDNAI/Amp (manufactured by Invitrogen), 
pREP4 (manufactured by Invitrogen), p.AGE103 J. Bio 
chemistry, 101, 1307 (1987), pAGE210 and the like. 
04.05) Any promoter can be used, so long as it can 
function in an animal cell. Examples include a promoter of 
IE (immediate early) gene of cytomegalovirus (CMV), an 
early promoter of SV40, a promoter of retrovirus, a pro 
moter of metallothionein, a heat shock promoter, an SRC. 
promoter and the like. Also, an enhancer of the IE gene of 
human CMV may be used together with the promoter. 

0406. The host cell includes a human cell such as Nama 
lwa cell, a monkey cell Such as COS cell, a Chinese hamster 
cell such as CHO cell or HBT5637 (Japanese -Published 
Examined Patent Application No. 299/88), a rat myeloma 
cell, a mouse myeloma cell, a cell derived from Syrian 
hamster kidney, an embryonic Stem cell, a fertilized egg cell 
and the like. 

0407 As the method for introducing the recombinant 
vector, any method can be used, So long as it can introduce 
DNA into an animal cell. Examples include electroporation 
Cytotechnology, 3, 133 (1990)), the calcium phosphate 
method (Japanese Published Examined Patent Application 
No. 227075/90), the lipofection method Proc. Natl. Acad. 
Sci. USA, 84, 7413 (1987), the injection method Manipu 
lating the Mouse Embryo, A Laboratory Manual, the 
method using particle gun (gene gun) (Japanese Patent No. 
2606856, Japanese Patent No. 2517813), the DEAE-dextran 
method Biomanual Series 4-Gene Transfer and Expression 
Analysis (Yodo-sha), edited by Takashi Yokota and Kenichi 
Arai (1994), the virus vector method Manipulating Mouse 
Embryo, Second Edition and the like. 
0408. When an insect cell is used as the host, the protein 
can be expressed by the method described in Current 
Protocols in Molecular Biology, Baculovirus Expression 
Vectors, A Laboratory Manual, W. H. Freeman and Com 
pany, New York (1992), Biotechnology, 6, 47 (1988) or the 
like. 

04.09 That is, the protein can be expressed by co-intro 
ducing a recombinant gene-introducing vector and a bacu 
lovirus into an insect cell to obtain a recombinant virus in an 
insect cell culture Supernatant and then infecting the insect 
cell with the recombinant virus. 

0410 The gene introducing vector used in the method 
includes pVL1392, pVL1393, pBlueBacm (all manufac 
tured by Invitrogen) and the like. 
0411 The baculovirus includes Autographa californica 
nuclear polyhedrosis virus infected with an insect of the 
family Barathra. 
0412. The insect cell includes Spodoptera frugiperda 
ovarian SP9 and Sf21 Current Protocols in Molecular 
Biology, Baculovirus Expression Vectors, A Laboratory 
Manual, W. H. Freeman and Company, New York (1992)), 
a Trichoplusia ni ovarian High 5 (manufactured by Invitro 
gen) and the like. 
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0413. The method for the simultaneously introducing the 
recombinant gene-introducing vector and the baculovirus 
for preparing the recombinant virus includes the calcium 
phosphate method (Japanese Published Examined Patent 
Application No. 227075/90), the lipofection method Proc. 
Natl. Acad Sci. USA, 84, 7413 (1987) and the like. 
0414. When a plant cell is used as the host cell, the 
expression vector include Tiplasmid, tobacco mosaic virus 
and the like. 

0415 AS the promoter, any promoter can be used, so long 
as it can function in a plant cell. Examples include cauli 
flower mosaic virus (CaMV) 35S promoter, rice actin 1 
promoter and the like. 
0416) The host cell includes plant cells of tobacco, 
potato, tomato, carrot Soybean, rape, alfalfa, rice, wheat, 
barley, and the like. 
0417. As the method for introducing the recombinant 
vector, any method can be used, So long as it can introduce 
DNA into a plant cell. Examples include a method using 
Agrobacterium (Japanese Published Examined Patent Appli 
cation No. 140885/84, Japanese Published Examined Patent 
Application No. 70080/85, WO 94/00977), electroporation 
(Japanese Published Examined Patent Application No. 
251887/85), a method using a particle gun (gene gun) 
(Japanese Patent No. 2606856, Japanese Patent No. 
2517813) and the like. 
0418 AS the method for expressing a gene, Secretion 
production, expression of a fusion protein of the Fc region 
with other protein and the like can be carried out in accor 
dance with the method described in Molecular Cloning, 
Second Edition or the like, in addition to the direct expres 
SO. 

0419 When a gene is expressed by a bacterium, a yeast, 
an animal cell, an insect cell or a plant cell into which a gene 
relating to the Synthesis of a Sugar chain is introduced, an 
antibody molecule to which a Sugar or a Sugar chain is added 
by the introduced gene can be obtained. 
0420. An antibody composition can be obtained by cul 
turing the obtained transformant in a medium to form and 
accumulate the antibody molecule in the culture and then 
recovering it from the culture. The method for culturing the 
transformant using a medium can be carried out in accor 
dance with a general method which is used for the culturing 
of host cells. 

0421. As the medium for culturing a transformant 
obtained by using a prokaryote Such as Escherichia coli or 
a eukaryote Such as yeast as the host, the medium may be 
either a natural medium or a Synthetic medium, So long as 
it comprises materials. Such as a carbon Source, a nitrogen 
Source, an inorganic Salt and the like which can be assimi 
lated by the organism and culturing of the transformant can 
be efficiently carried out. 
0422. As the carbon source, those which can be assimi 
lated by the organism can be used. Examples include car 
bohydrates Such as glucose, fructose, Sucrose, molasses 
containing them, Starch, and Starch hydrolysate, organic 
acids Such as acetic acid and propionic acid; alcohols Such 
as ethanol and propanol; and the like. 
0423 The nitrogen Source includes ammonia; ammo 
nium Salts of inorganic acid or organic acid Such as ammo 
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nium chloride, ammonium Sulfate, ammonium acetate and 
ammonium phosphate; other nitrogen-containing com 
pounds, peptone, meat extract; yeast extract; corn Steep 
liquor, casein hydrolysate, Soybean meal, Soybean meal 
hydrolysate; Various fermented cells and hydrolysates 
thereof, and the like. 

0424 The inorganic material includes potassium dihy 
drogen phosphate, dipotassium hydrogen phosphate, mag 
nesium phosphate, magnesium Sulfate, Sodium chloride, 
ferrous Sulfate, manganese Sulfate, copper Sulfate, calcium 
carbonate, and the like. 

0425 The culturing is carried out generally under aerobic 
conditions Such as Shaking culture or Submerged-aeration 
Stirring culture. The culturing temperature is preferably 15 to 
40 C., and the culturing time is generally 16 hours to 7 days. 
During the culturing, the pH is maintained at 3.0 to 9.0. The 
pH is adjusted using inorganic or organic acid, an alkali 
Solution, urea, calcium carbonate, ammonia or the like. 

0426. Also, if necessary, an antibiotic Such as amplicillin 
or tetracycline may be added to the medium during the 
culturing. 

0427. When a microorganism transformed with a recom 
binant vector obtained by using an inducible promoter as the 
promoter is cultured, an inducer may be added to the 
medium, if necessary. For example, when a microorganism 
transformed with a recombinant vector obtained by using lac 
promoter is cultured, isopropyl-B-D-thiogalactopyranoside 
may be added to the medium, and when a microorganism 
transformed with a recombinant vector obtained by using 
trip promoter is cultured, indoleacrylic acid may be added to 
the medium. 

0428. When a transformant obtained by using an animal 
cell as the host is cultured, examples of the medium include 
generally used RPMI 1640 medium The Journal of the 
American Medical Association, 199, 519 (1967)), Eagle's 
NEM medium Science, 122,501 (1952)), Dulbecco's modi 
fied MEM medium Virology, 8, 396 (1959)), 199 medium 
Proceeding of the Society for the Biological Medicine, 73, 
1 (1950) and Whitten's medium Developmental Engineer 
ing Experimentation Manual-Preparation of Transgenic 
Mice (Kodan-sha), edited by M. Katshuki (1987), wherein 
the media are added to fetal calf Serum. 

0429 The culturing is carried out generally at a pH of 6 
to 8 and 30 to 40° C. for 1 to 7 days in the presence of 5% 
CO. 
0430) If necessary, an antibiotic such as kanamycin or 
penicillin may be added to the medium during the culturing. 

0431. The medium for culturing of a transformant 
obtained by using an insect cell as the host includes usually 
used TNM-FH medium (manufactured by Pharmingen), 
Sf-900 II SFM medium (manufactured by Life Technolo 
gies), ExCell 400 and ExCell 405 (both manufactured by 
JRH Biosciences), Grace's Insect Medium Nature, 195,788 
(1962) and the like. 
0432. The culturing is carried out generally at a medium 
pH of 6 to 7 and 25 to 30° C. for 1 to 5 days. 
0433) If necessary, antibiotics such as gentamicin may be 
added to the medium during the culturing. 
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0434. A transformant obtained by using a plant cell as the 
host can be cultured as a cell or by differentiating it into a 
plant cell or organ. The medium for culturing the transfor 
mant includes generally used Murashige and Skoog (MS) 
medium and White medium, wherein the media are added to 
a plant hormone Such as auxin or cytokinin. 
0435 The culturing is carried out generally at a pH of 5 
to 9 and 20 to 40° C. for 3 to 60 days. 
0436 If necessary, an antibiotic Such as kanamycin, 
hygromycin or the like may be added to the medium during 
the culturing. 
0437 Thus, an antibody composition can be produced by 
culturing a transformant derived from a microorganism, an 
animal cell or a plant cell, which comprises a recombinant 
vector into which a DNA encoding an antibody molecule is 
inserted, in accordance with a general culturing method, to 
thereby form and accumulate the antibody composition, and 
then recovering the antibody composition from the culture. 
0438. As the method for expressing the gene, secretion 
production, expression of a fusion protein and the like can 
be carried out in accordance with the method described in 
Molecular Cloning, Second Edition, in addition to the direct 
expression. 
0439. The method for producing an antibody composi 
tion includes a method of intracellular expression in a host 
cell, a method of extracellular Secretion from a host cell, and 
a method of production on a host cell membrane outer 
envelope. The method can be selected by changing the host 
cell used or the Structure of the antibody composition 
produced. 
0440 When the antibody composition of the present 
invention is produced in a host cell or on a host cell 
membrane outer envelope, it can be positively Secreted 
extracellularly in accordance with the method of Paulson et 
al. J. Biol. Chem., 264, 17619 (1989)), the method of Lowe 
et al. Proc. Natl. Acad. Sci. USA, 86, 8227 (1989), Genes 
Develop., 4, 1288 (1990)), the methods described in Japa 
nese Published Examined Patent Application No. 336963/93 
and Japanese Published Examined Patent Application No. 
823021/94 and the like. 

0441 That is, an antibody molecule of interest can be 
positively Secreted extracellularly from a host cell by insert 
ing a DNA encoding the antibody molecule and a DNA 
encoding a signal peptide Suitable for the expression of the 
antibody molecule into an expression vector using a recom 
binant DNA technique, introducing the expression vector 
into the host cell and then expressing the antibody molecule. 
0442. Also, its production amount can be increased in 
accordance with the method described in Japanese Published 
Examined Patent Application No. 227075/90 using a gene 
amplification System using a dihydrofolate reductase gene. 

0443) In addition, the antibody composition can also be 
produced by using a gene-introduced animal individual 
(transgenic non-human animal) or a plant individual (trans 
genic plant) which is constructed by the redifferentiation of 
an animal or plant cell into which the gene is introduced. 

0444) When the transformant is an animal individual or a 
plant individual, an antibody composition can be produced 
in accordance with a general method by rearing or cultivat 
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ing it to thereby form and accumulate the antibody compo 
Sition and then recovering the antibody composition from 
the animal or plant individual. 
0445. The method for producing an antibody composi 
tion using an animal individual includes a method in which 
the antibody composition of interest is produced in an 
animal constructed by introducing a gene in accordance with 
a known method American Journal of Clinical Nutrition, 
63, 639S (1996); American Journal of Clinical Nutrition, 
63, 627S (1996); Bio/Technology, 9,830 (1991)). 
0446. In the case of an animal individual, an antibody 
composition can be produced by rearing a transgenic non 
human animal into which a DNA encoding an antibody 
molecule is introduced to thereby form and accumulate the 
antibody composition in the animal, and then recovering the 
antibody composition from the animal. The place of the 
animal where the composition is produced and accumulated 
includes milk (Japanese Published Examined Patent Appli 
cation No. 309192/88) and an egg of the animal. As the 
promoter used in this case, any promoter can be used, So 
long as it can function in an animal. Preferred examples 
include mammary gland cell-specific promoterS Such as a 
casein promoter, C. casein promoter, Blactoglobulin pro 
moter and whey acidic protein promoter. 
0447 The method for producing an antibody composi 
tion using a plant individual includes a method in which an 
antibody composition is produced by cultivating a trans 
genic plant into which a DNA encoding an antibody mol 
ecule is introduced by a known method Tissue Culture, 20 
(1994); Tissue Culture, 21 (1995); Trends in Biotechnology, 
15, 45 (1997) to form and accumulate the antibody com 
position in the plant, and then recovering the antibody 
composition from the plant. 
0448 Regarding purification of an antibody composition 
produced by a transformant into which a gene encoding an 
antibody molecule is introduced, for example, when the 
antibody composition is intraellularly expressed in a dis 
Solved State, the cells after culturing are recovered by 
centrifugation, Suspended in an aqueous buffer and then 
disrupted using a Sonicator, French press, Manton Gaulin 
homogenizer, dynomill or the like to obtain a cell-free 
extract. A purified product of the antibody composition can 
be obtained from a Supernatant obtained by centrifuging the 
cell-free extract, by using a general enzyme isolation puri 
fication techniques Such as Solvent extraction; Salting out 
with ammonium Sulfate, etc., desalting, precipitation with an 
organic Solvent; anion eXchange chromatography using a 
resin such as diethylaminoethyl (DEAE)-Sepharose or 
DIAION HPA-75 (manufactured by Mitsubishi Chemical); 
cation eXchange chromatography using a resin Such as 
S-Sepharose FF (manufactured by Pharmacia); hydrophobic 
chromatography using a resin Such as butyl-Sepharose or 
phenyl-Sepharose; gel filtration using a molecular Sieve; 
affinity chromatography, chromatofocusing, electrophoresis 
Such as isoelectric focusing, and the like which may be used 
alone or in combination. 

0449 Also, when the antibody composition is expressed 
intracellularly by forming an inclusion body, the cells are 
recovered, disrupted and centrifuged in the same manner, 
and the inclusion body of the antibody composition is 
recovered as a precipitation fraction. The recovered inclu 
sion body of the antibody composition is solubilized by 

May 13, 2004 

using a protein denaturing agent. The antibody composition 
is made into a normal three-dimensional Structure by dilut 
ing or dialyzing the Solubilized Solution, and then a purified 
product of the antibody composition is obtained by the same 
isolation purification method. 
0450 When the antibody composition is secreted extra 
cellularly, the antibody composition or derivatives thereof 
can be recovered from the culture Supernatant. That is, the 
culture is treated by a technique Such as centrifugation to 
obtain a Soluble fraction, and a purified preparation of the 
antibody composition can be obtained from the soluble 
fraction by the Same isolation purification method. 
0451. The thus obtained antibody composition includes 
an antibody, the fragment of the antibody, and a fusion 
protein comprising the Fc region of the antibody. 
0452. As an example for obtaining the antibody compo 
Sition, a method for producing a humanized antibody com 
position is described below in detail, but other antibody 
compositions can also be obtained in a manner Similar to the 
method. 

0453 (1) Construction of Vector for Expression of 
Humanized Antibody 
0454) A vector for expression of humanized antibody is 
an expression vector for animal cell into which genes 
encoding the C regions of heavy chain (H chain) and light 
chain (L chain) of a human antibody are inserted, which can 
be constructed by cloning each of genes encoding the C 
regions of H chain and L chain of a human antibody into an 
expression vector for animal cell. 
0455 The C regions of a human antibody can be the C 
regions of H chain and L chain of any human antibody. 
Examples include the C region belonging to IgG1 Subclass 
in the H chain of a human antibody (hereinafter referred to 
as “hCY1), the C region belonging to K class in the L chain 
of a human antibody (hereinafter referred to as “hCK'), and 
the like. 

0456. As the genes encoding the C regions of H chain and 
L chain of a human antibody, a genomic DNA comprising an 
exon and an intron can be used and a cDNA can also be used. 

0457. As the expression vector for animal cell, any vector 
can be used, So long as a gene encoding the C region of a 
human antibody can be inserted thereinto and expressed 
therein. Examples include paGE107 Cytotechnology, 3, 
133 (1990)), pAGE103 (J. Biochem., 101, 1307 (1987)), 
pHSG274 Gene, 27, 223 (1984), pKCR Proc. Natl. Acad. 
Sci. USA, 78, 1527 (1981), pSGI Bd24 Cytotechnology, 4, 
173 (1990) and the like. Examples of the promoter and 
enhancer in the expression vector for animal cell include 
SV40 early promoter and enhancer J. Biochem., 101, 1307 
(1987), Moloney mouse leukemia virus LTR promoter 
Biochem. Biophys. Res. Commun., 14,960 (1987), immu 
noglobulin H chain promoter Cell, 41, 479 (1985) and 
enhancer Cell, 33, 717 (1983)), and the like. 
0458. The vector for expression of humanized antibody 
can be any type, wherein genes encoding the H chain and L 
chain of an antibody exist on Separate vectors or genes exist 
on the same vector (hereinafter referred to as “tandem 
type”). In respect of easiness of construction of a vector for 
expression of humanized antibody, easiness of introduction 
into animal cells, and balance between the expression 
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amounts of the H and L chains of an antibody in animal cells, 
a tandem type of the Vector for expression of humanized 
antibody is preferred J. Immunol. Methods, 167, 271 
(1994). The tandem type of the vector for expression of 
humanized antibody includes pKANTEX93 Mol. Immunol, 
37, 1035 (2000), pEE18 Hybridoma, 17, 559 (1998) and 
the like. 

0459. The constructed vector for expression of human 
ized antibody can be used for expression of a human 
chimeric antibody and a human CDR-grafted antibody in 
animal cells. 

0460 (2) Preparation of a cDNA Encoding the V Region 
of an Antibody Derived from a Non-Human Animal 
0461 cDNAS encoding the V regions of H chain and L 
chain of an antibody derived from a non-human animal, Such 
as a mouse antibody, can be obtained in the following 

C. 

0462. A cDNA is synthesized by extracting mRNA from 
a hybridoma cell which produces the mouse antibody of 
interest. The synthesized cDNA is cloned into a vector Such 
as a phage or a plasmid to obtain a cDNA library Each of a 
recombinant phage or recombinant plasmid comprising a 
cDNA encoding the V region of H chain and a recombinant 
phage or recombinant plasmid comprising a cDNA encoding 
the V region of L chain is isolated from the library by using 
a C region part or a V region part of an existing mouse 
antibody as the probe. The full nucleotide sequences of the 
V regions of H chain and L chain of the mouse antibody of 
interest on the recombinant phage or recombinant plasmid 
are determined, and the fall amino acid Sequences of the V 
regions of H chain and L chain are deduced from the 
nucleotide Sequences. 

0463 AS the non-human animal, any animal Such as 
mouse, rat, hamster, rabbit or the like can be used So long as 
a hybridoma cell can be produced therefrom. 
0464) The method for preparing total RNA from a hybri 
doma cell includes the guanidine thiocyanate-cesium trif 
luoroacetate method Methods in Enzymology, 154, 3 
(1987) and the like. The method for preparing mRNA from 
total RNA includes an oligo(dT)-immobilized cellulose col 
umn method (Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Lab. Press New York, 1989) and the 
like. In addition, a kit for preparing mRNA from a hybri 
doma cell includes Fast Track mRNA Isolation Kit (manu 
factured by Invitrogen), Quick Prep mRNA Purification Kit 
(manufactured by Pharmacia) and the like. 
0465. The method for synthesizing cDNA and preparing 
a cDNA library includes the usual methods (Molecular 
Cloning. A Laboratory Manual, Cold Spring Harbor Lab. 
Press New York 1989, Current Protocols in Molecular 
Biology, Supplement 1-34); methods using a commercially 
available kit such as SuperScript TM Plasmid System for 
cDNA Synthesis and Plasmid Cloning (manufactured by 
GIBCO BRL) and ZAP-cDNA Synthesis Kit (manufactured 
by Stratagene); and the like. 
0466 In preparing the cDNA library, the vector into 
which a cDNA synthesized using mRNA extracted from a 
hybridoma cell as the template is inserted can be any vector 
so long as the cDNA can be inserted. Examples include ZAP 
Express Strategies, 5, 58 (1992), pBluescript II SK(+) 
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Nucleic Acids Research, 17, 9494 (1989)), ZapII (manu 
factured by Stratagene), gt10 and gt11 DNA Cloning, A 
Practical Approach, I, 49 (1985)), Lambda BlueMid (manu 
factured by Clontech), ExCell and pT7T3 18U (manufac 
tured by Pharmacia), pcD2 Mol. Cell. Biol, 3, 280 (1983)), 
pUC18 Gene, 33, 103 (1985) and the like. 
0467 As Escherichia coli into which the cDNA library 
constructed from a phage or plasmid vector is introduced, 
any Escherichia coli can be used, so long as the cDNA 
library can be introduced, expressed and maintained. 
Examples include XL1-Blue MRFStrategies, 5, 81 
(1992), C600 Genetics, 39,440 (1954), Y1088 and Y1090 
Science, 222, 778 (1983)), NM522 J. Mol. Biol., 166, 1 
(1983)), K802.J. Mol. Biol., 16, 118 (1966), 3M105 Gene, 
38, 275 (1985) and the like. 
0468. As the method for selecting a cDNA clone encod 
ing the V regions of H chain and L chain of an antibody 
derived from a non-human animal from the cDNA library, a 
colony hybridization or a plaque hybridization using an 
isotope- or fluorescence-labeled probe can be used (Molecu 
lar Cloning, Second Edition, Cold Spring Harbor Lab. Press 
New York, 1989). The cDNA encoding the V regions of H 
chain and L chain can also be prepared by preparing primers 
and carrying out polymerase chain reaction (hereinafter 
referred to as “PCR'; Molecular Cloning, Second Edition, 
Cold Spring Harbor Lab. Press New York, 1989; Current 
Protocols in Molecular Biology, Supplement 1-34) using a 
cDNA synthesized from mRNA or a cDNA library as the 
template. 

0469 The nucleotide sequences of the cDNAS can be 
determined by digesting the Selected cDNAS with appropri 
ate restriction enzymes, cloning the fragments into a plasmid 
Such as pBlueScript SK(-) (manufactured by Stratagene), 
carrying out the reaction of a generally used nucleotide 
Sequence analyzing method Such as the dideoxy method 
Proc. Natl. Acad. Sci. USA, 74,5463 (1977) of Sanger et 

al., and then analyzing the clones using an automatic nucle 
otide Sequence analyzer Such as A.L.F. DNA Sequencer 
(manufactured by Pharmacia). 
0470 Whether or not the obtained cDNAs are encoding 
the full length of amino acid Sequences of the V regions of 
H chain and L chain of the antibody containing a Secretory 
Signal Sequence can be confirmed by deducing the fill amino 
acid Sequences of the V regions of H chain and L chain from 
the determined nucleotide Sequence and comparing them 
with the full length amino acid Sequences of the V regions 
of H chain and L chain of known antibodies Sequences of 
Proteins of Immunological Interest, US Dep. Health and 
Human Services (1991)). 
0471) Furthermore, when the amino acid sequence of an 
antibody variable region or the nucleotide Sequence of a 
DNA encoding the variable region is known, the cDNA can 
be prepared according to the following method. 

0472. When the amino acid sequence is known, the 
amino acid Sequence is converted to a DNA sequence based 
on frequency of codon usage Sequences of Proteins of 
Immunological Interest, US Dep. Health and Human Ser 
vices (1991)), several synthetic DNAS having a length of 
about 100 bases are synthesized based on the designed DNA 
sequence, and PCR is carried out by using the DNAS to 
prepare the cDNA. When the nucleotide sequence is known, 
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several synthetic DNAS having a length of about 100 bases 
are Synthesized based on the designed DNA sequence, and 
PCR is carried out by using the DNAS to prepare the cDNA. 
0473 (3) Analysis of the Amino Acid Sequence of the V 
Region of an Antibody Derived from a Non-Human Animal 
0474 Regarding the full length of the amino acid 
Sequences of the V regions of H chain and L chain of an 
antibody comprising a Secretory Signal Sequence, the length 
of the Secretory Signal Sequence and the N-terminal amino 
acid Sequences can be deduced and Subgroups to which they 
belong can also be found, by comparing them with the full 
length of the amino acid Sequences of the V regions of H 
chain and L chain of known antibodies Sequences of 
Proteins of Immunological Interest US Dep. Health and 
Human Services, (1991). In addition, the amino acid 
sequences of each CDR of the V regions of H chain and L 
chain can also be found by comparing them with the amino 
acid Sequences of the V regions of H chain and L chain of 
known antibodies Sequences of Proteins of Immunological 
Interest, US Dep. Health and Human Services, (1991)). 
0475 (4) Construction of Vector for Expression of 
Human Chimeric Antibody 

0476 A vector for expression of human chimeric anti 
body can be constructed by cloning cDNAs encoding the V 
regions of H chain and L chain of an antibody derived from 
a non-human animal into upstream of genes encoding the C 
regions of H chain and L chain of a human antibody in the 
vector for humanized antibody expression described in item 
3(1). For example, a vector for expression of human chi 
meric antibody can be constructed by linking each of 
cDNAS encoding the V regions of H chain and L chain of an 
antibody derived from a non-human animal to a Synthetic 
DNA comprising nucleotide Sequences at the 3'-terminals of 
the V regions of H chain and L chain of an antibody derived 
from a non-human animal and nucleotide Sequences at the 
5'-terminals of the C regions of H chain and L chain of a 
human antibody and also having a recognition Sequence of 
an appropriate restriction enzyme at both terminals, and by 
cloning them into upstream of genes encoding the C regions 
of H chain and L chain of a human antibody contained in the 
vector for humanized antibody expression constructed as 
described in item 3(1) in the form suitable for expression. 
0477 (5) Construction of cDNA Encoding the V Region 
of a Human CDR-Grafted Antibody 
0478 cDNAS encoding the V regions of H chain and L 
chain of a human CDR-grafted antibody can be obtained as 
follows. First, amino acid Sequences of the frameworks 
(hereinafter referred to as “FR”) of the V regions of H chain 
and L chain of a human antibody for grafting CDR of the V 
regions of H chain and L chain of an antibody derived from 
a non-human animal is Selected. AS the amino acid 
sequences of FRS of the V regions of H chain and L chain 
of a human antibody, any amino acid Sequences can be used 
So long as they are derived from a human antibody. 
Examples include amino acid sequences of FRS of the V 
regions of H chain and L chain of human antibodies regis 
tered at databaseS Such as Protein Data Bank, amino acid 
Sequences common in each Subgroup of FRS of the V 
regions of H chain and L chain of human antibodies Se 
quences of Proteins of Immunological Interest, US Dep. 
Health and Human Services (1991); and the like. In order 
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to produce a human CDR-grafted antibody having potent 
activity, it is preferable to Select an amino acid Sequence 
having a homology as high as possible (at least 60% or 
more) with amino acid sequences of the V regions of H chain 
and L chain of an antibody of interest derived from a 
non-human animal. 

0479. Next, the amino acid sequences of CDRs of the V 
regions of H chain and L chain of the antibody of interest 
derived from a non-human animal are grafted to the Selected 
amino acid sequences of FRS of the V regions of H chain and 
L chain of a human antibody to design amino acid Sequences 
of the V regions of H chain and L chain of the human 
CDR-grafted antibody. The designed amino acid Sequences 
are converted into DNA sequences by considering the fre 
quency of codon usage found in nucleotide Sequences of 
antibody genes Sequences of Proteins of Immunological 
Interest, US Dep. Health and Human Services (1991) and 
the DNA sequences encoding the amino acid Sequences of 
the V regions of H chain and L chain of the human 
CDR-grafted antibody are designed. Based on the designed 
DNA sequences, Several Synthetic DNAS having a length of 
about 100 bases are synthesized, and PCR is carried out by 
using them. In this case, it is preferable in each of the H 
chain and the L chain that 4 to 6 synthetic DNAS are 
designed in view of the reaction efficiency of PCR and the 
lengths of DNAS which can be synthesized. 

0480. Also, they can be easily cloned into the vector for 
humanized antibody expression constructed in item 3(1) by 
introducing recognition Sequences of an appropriate restric 
tion enzyme into the 5'-terminals of the synthetic DNA 
present on both terminals. After the PCR, the amplified 
product is cloned into a plasmid Such as p3lueScript SK(-) 
(manufactured by Stratagene) or the like, and the nucleotide 
Sequences are determined by the method in item 3(2) to 
thereby obtain a plasmid having DNA sequences encoding 
the amino acid Sequences of the V regions of H chain and L 
chain of the desired human CDR-grafted antibody. 

0481 (6) Construction of Vector for Human CDR 
Grafted Antibody Expression 

0482. A vector for human CDR-grafted antibody expres 
Sion can be constructed by cloning the cDNAS encoding the 
V regions of H chain and L chain of the human CDR-grafted 
antibody constructed in item 3(5) into upstream of the gene 
encoding C regions of H chain and L chain of a human 
antibody in the vector for humanized antibody expression 
described in item 3(1). For example, the vector for human 
CDR-grafted antibody expression can be constructed by 
introducing recognizing Sequences of an appropriate restric 
tion enzyme into the 5'-terminals of both terminals of a 
synthetic DNA fragment, among the synthetic DNA frag 
ments which are used when PCR is carried out in item 3(5) 
for constructing the V regions of H chain and L chain of the 
human CDR-grafted antibody, so that they are cloned into 
upstream of the genes encoding the C regions of H chain and 
L chain of a human antibody in the vector for humanized 
antibody expression described in item 3(1) in Such a manner 
that they can be expressed in a Suitable form. 

0483 (7) Stable Production of a Humanized Antibody 
0484. A transformant capable of stably producing a 
human chimeric antibody and a human CDR-grafted anti 
body (both hereinafter referred to as “humanized antibody”) 



US 2004/0093621 A1 

can be obtained by introducing the vector for expression of 
humanized antibody described in items 3(4) or (6) into an 
appropriate animal cell. 
0485 The method for introducing a vector for expression 
of humanized antibody into an animal cell includes elec 
troporation Japanese Published Examined Patent Applica 
tion No. 257891/90, Cytotechnology, 3, 133 (1990) and the 
like. 

0486 As the animal cell into which a vector for expres 
Sion of humanized antibody is introduced, any cell can be 
used So long as it is an animal cell which can produce the 
humanized antibody. 
0487. Examples include mouse myeloma cells such as 
NS0 cell and SP2/0 cell; Chinese hamster ovary cells such 
as CHO/dhfr cell and CHO/DG44 cell; rat myeloma such 
as YB2/0 cell and IR983F cell; BHK cell derived from a 
Syrian hamster kidney, a human myeloma cell Such as 
Namalwa cell; and the like. A Chinese hamster ovary cell 
CHO/DG44 cell and a rat myeloma YB2/0 cell are preferred. 
0488. After introduction of the vector for expression of 
humanized antibody, a transformant capable of Stably pro 
ducing the humanized antibody can be Selected, in accor 
dance with the method disclosed in Japanese Published 
Examined Patent Application No. 257891/90 using a 
medium for animal cell culture comprising an agent Such as 
G418 sulfate (hereinafter referred to as “G418”; manufac 
tured by SIGMA). As the medium for animal cell culture, 
RPMI 1640 medium (manufactured by Nissui Pharmaceu 
tical), GIT medium (manufactured by Nihon Pharmaceuti 
cal), EX-CELL 302 medium (manufactured by JRH), 
IMDM medium (manufactured by GIBCO BRL), Hybri 
doma-SFM medium (manufactured by GIBCOBRL), media 
obtained by adding various additives Such as fetal bovine 
serum (hereinafter referred to as “FCS”) to these media, and 
the like can be mentioned. The humanized antibody can be 
produced and accumulated in the culture medium by cul 
turing the obtained transformant in a medium. The produc 
tion and antigen binding activity of the humanized antibody 
in the culture medium can be measured by a method Such as 
enzyme-linked immunosorbent assay hereinafter referred to 
as “ELISA'; Antibodies. A Laboratory Manual, Cold Spring 
Harbor Laboratory, Chapter 14 (1998), Monoclonal Anti 
bodies. Principles and Practice, Academic Press Limited 
(1996) or the like. Also, the production of the humanized 
antibody by the transformant can be increased by using a 
DHFR gene amplification system in accordance with the 
method disclosed in Japanese Published Examined Patent 
Application No. 257891/90. 
0489. The humanized antibody can be purified from a 
culture Supernatant of the transformant by using a protein A 
column Antibodies. A laboratory Manual, Cold Spring 
Harbor Laboratory, Chapter 8 (1988), Monoclonal Antibod 
ies. Principles and Practice, Academic Press Limited 
(1996)). In addition, purification methods generally used for 
the purification of proteins can also be used. For example, 
the purification can be carried out through the combination 
of gel filtration, ion exchange chromatography and ultrafil 
tration. The molecular weight of the H chain, L chain and 
antibody molecule as a whole of the purified humanized 
antibody, respectively, can be measured, e.g., by polyacry 
lamide gel electrophoresis hereinafter referred to as “SDS 
PAGE”; Nature, 227, 680 (1970)), Western blotting Anti 
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bodies: A Laboratory Manual, Cold Spring Harbor 
Laboratory, Chapter 12 (1988), Monoclonal Antibodies: 
Principles and Practice, Academic Press Limited (1996) or 
the like. 

0490 Thus, methods for producing an antibody compo 
Sition using an animal cell as the host have been described, 
but, as described above, the antibody composition can also 
be produced by a yeast, an insect cell, a plant cell, an animal 
individual or a plant individual by the same methods as the 
animal cell. 

0491. When a host cell has the ability to express an 
antibody molecule, the antibody composition of the present 
invention can be produced by preparing a cell expressing an 
antibody molecule by using the method described in item 1, 
culturing the cell and then purifying the antibody composi 
tion of interest from the resulting culture. 
0492 4. Activity Evaluation of the Antibody Composi 
tion 

0493 As the method for measuring the amount of the 
protein of the purified antibody composition, the activity to 
bind to an antigen and the effector function of the purified 
antibody composition, the known methods described in 
Monoclonal Antibodies, Antibody Engineering and the like 
can be used. 

0494 For example, when the antibody composition is a 
humanized antibody, the binding activity with an antigen 
and the binding activity with an antigen-positive cultured 
cell line can be measured by methods such as ELISA and an 
immunofluorescent method Cancer Immunol. Immunother, 
36, 373 (1993). The cytotoxic activity against an antigen 
positive cultured cell line can be evaluated by measuring 
CDC activity, ADCC activity Cancer Immunol. Immu 
nother, 36, 373 (1993) and the like. 
0495 Also, safety and therapeutic effect of the antibody 
composition in human can be evaluated by using an appro 
priate model of animal Species relatively close to human, 
Such as Macaca fascicularis. 
0496 5. Analysis of Sugar Chains in the Antibody Com 
position 

0497. The Sugar chain structure of the antibody molecule 
expressed in various cells can be analyzed in accordance 
with the general analysis of the Sugar chain Structure of a 
glycoprotein. For example, the Sugar chain which is bound 
to IgG molecule comprises a neutral Sugar Such as galactose, 
mannose or fucose, an amino Sugar Such as N-acetylglu 
cosamine, and an acidic Sugar Such as Sialic acid, and can be 
analyzed by a method Such as a Sugar chain Structure 
analysis using Sugar composition analysis, two dimensional 
Sugar chain mapping or the like. 
0498 (1) Analysis of Neutral Sugar and Amino Sugar 
Compositions 

0499. The Sugar chain of the antibody composition can be 
analyzed by carrying out acid hydrolysis of Sugar chains 
with an acid Such as trifluoroacetic acid to release a neutral 
Sugar or an amino Sugar and measuring the composition 
ratio. 

0500 Examples include a method using a sugar compo 
sition analyzer (BioLC) manufactured by Dionex. The 
BioLC is an apparatus which analyzes a Sugar composition 
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by EPAEC-PAD (high performance anion-exchange chro 
matography-pulsed amperometric detection) J. Liq. Chro 
matogr., 6, 1577 (1983)). 
0501) The composition ratio can also be analyzed by a 
fluorescence labeling method using 2-aminopyridine. Spe 
cifically, the compositional ratio can be calculated in accor 
dance with a known method Agric. Biol. Chem, 55(1) 
283-284 (1991), by labeling an acid-hydrolyzed sample 
with a fluorescence with 2-aminopyridylation and then ana 
lyzing the composition by HPLC. 
0502 (2) Analysis of Sugar Chain Structure 
0503) The Sugar chain structure of the antibody molecule 
can be analyzed by the two dimensional Sugar chain map 
ping method Anal. Biochem, 171, 73 (1988), Biochemical 
Experimentation Methods 23-Methods for Studying Gly 
coprotein Sugar Chains (Japan Scientific Societies Press) 
edited by Reiko Takahashi (1989)). The two dimensional 
Sugar chain mapping method is a method for deducing a 
Sugar chain Structure by, e.g., plotting the retention time or 
elution position of a Sugar chain by reverse phase chroma 
tography as the X axis and the retention time or elution 
position of the Sugar chain by normal phase chromatography 
as the Y axis, respectively, and comparing them with Such 
results of known Sugar chains. 
0504 Specifically, Sugar chains are released from an 
antibody by Subjecting the antibody to hydrazinolysis, and 
the released Sugar chain is Subjected to fluorescence labeling 
with 2-aminopyridine (hereinafter referred to as "PA") J. 
Biochem., 95, 197 (1984)), and then the sugar chains are 
Separated from an exceSS PA-treating reagent by gel filtra 
tion, and Subjected to reverse phase chromatography. There 
after, each peak of the Separated Sugar chains are Subjected 
to normal phase chromatography. The Sugar chain Structure 
can be deduced by plotting the results on a two dimensional 
Sugar chain map and comparing them with the Spots of a 
Sugar chain Standard (manufactured by Takara Shuzo) or a 
literature Anal. Biochem., 171, 73 (1988). 
0505) The structure deduced by the two dimensional 
Sugar chain mapping method can be confirmed by further 
carrying out mass spectrometry such as MALDI-TOF-MS of 
each Sugar chain. 
0506 6. Immunological Determination Method for Dis 
criminating the Sugar Chain Structure of an Antibody Mol 
ecule 

0507 An antibody composition comprises various anti 
body molecules in which Sugar chains binding to the Fc 
region of the antibody are different in structure. In the 
antibody composition of the present invention, the ratio of a 
Sugar chain in which fucose is not bound to N-acetylglu 
cosamine in the reducing end in the Sugar chain is 20% or 
more among the total complex N-glycoside-linked Sugar 
chains binding to the Fc region in the antibody composition, 
and the antibody composition has potent ADCC activity. The 
antibody composition can be identified by using the method 
for analyzing the Sugar chain Structure of an antibody 
molecule described in item 5. Also, it can be identified by an 
immunological determination method using a lectin. 

0508 The Sugar chain structure of an antibody molecule 
can be identified by the immunological determination 
method using a lectin in accordance with the known immu 
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nological determination method Such as Western Staining, 
IRA (radioimmunoassay), VIA (viroimmunoassay), EIA 
(enzymoimmunoassay), FIA (fluoroimmunoassay) and MIA 
(metalloimmunoassay) described in Monoclonal Antibodies: 
Principles and Applications, Wiley-Liss, Inc. (1995); Immu 
noassay, 3rd Ed., Igakushoin (1987); Enzyme Antibody 
Method, Revised Edition, Gakusai Kikaku (1985); and the 
like. 

0509 Alectin which recognizes the Sugar chainstructure 
of an antibody molecule comprised in an antibody compo 
sition is labeled, and the labeled lectin is allowed to react 
with an antibody composition as a Sample. Then, the amount 
of the complex of the labeled lectin with the antibody 
molecule is measured. 

0510) The lectin for identifying the Sugar chain structure 
of an antibody molecule includes WGA (wheat-germn 
agglutinin derived from T Vilgaris), ConA (cocanavalin A 
derived from C. ensiformis), RIC (a toxin derived from R. 
communis), L-PHA (leucoagglutinin derived from P. vul 
garis), LCA (lentil agglutinin derived from L. culinais), PSA 
(pea lectin derived from Psativum), AAL (Aleuria aurantia 
lectin), ACL (Amaranihus cauds lectin), BPL (Bauhinia 
purpurea lectin), DSL (Datura Stramonium lectin), DBA 
(Dolichos biflorus agglutinin), EBL (elderberry balk lectin), 
ECL (Erythrina cristagalli lectin), EEL (Euonymus eOro 
paeus lectin), GNL (Galanthus nivalis lectin), GSL (Grif 
fonia Simplicifolia lectin), HPA (Helix pomatia agglutinin), 
HHL (HippeaStrum hybrid lectin), Jacalin, LTL (Lotus tet 
ragonolobus lectin), LEL (Lycopersicon esculentum lectin), 
MAL (Maackia amurensis lectin), MPL (Machura pomifera 
lectin), NPL (Narcissus pseudonarcissus lectin), PNA (pea 
nut agglutinin), EPHA (Phaseolus vulgaris erythroaggluti 
nin), PTL (Psophocarpus teiragonolobus lectin), RCA (Rici 
nus communis agglutinin), STL (Solamum tuberosum 
lectin), SJA (Sophora japonica agglutinin), SBA (Soybean 
agglutinin), UEA (Ulex europaeuS agglutinin), VVL (Vicia 
villosa lectin) and WFA (Wisteria floribunda agglutinin). 
0511. It is preferable to use a lectin which specifically 
recognizes a Sugar chain Structure wherein fucose binds to 
the N-acetylglucosamine in the reducing end in the complex 
N-glycoside-linked Sugar chain. Examples include Lens 
culinaris lectin LCA (lentil agglutinin derived from Lens 
culinaris), pea lectin PSA (pea lectin derived from Pisum 
sativum), broad bean lectin VFA (agglutinin derived from 
Vicia faba) and Aleuria aurantia lectin AAL (lectin derived 
from Aleuria aurantia). 
0512 7. Application of the Antibody Molecule of the 
Present Invention 

0513. Since the antibody composition of the present 
invention specifically binds to CD20 and has potent anti 
body-dependent cell-mediated cytotoxic activity, it is useful 
for preventing and treating various diseaseS relating to 
CD20-expressing cells Such as cancers. 

0514. In the case of cancers, namely malignant tumors, 
cancer cells grow, and, for example, particular B cells 
abnormally grow in B cell lymphoma. General anti-tumor 
agents inhibit the growth of cancer cells. In contrast, an 
antibody having potent antibody-dependent cell-mediated 
cytotoxic activity can cure cancers by injuring cancer cells 
through its cell killing effect, and therefore, it is more 
effective as a therapeutic agent which express the antingen 
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than the general anti-tumor agents. Particularly, in the thera 
peutic agent for cancers, an anti-tumor effect of an antibody 
medicament alone is insufficient at the present So that 
combination therapy with chemotherapy has been carried 
out Science, 280, 1197 (1998)). If more potent anti-tumor 
effect is found by the antibody composition of the present 
invention alone, the dependency on chemotherapy will be 
decreased and side effects will be reduced. 

0515. The antibody composition of the present invention 
can be administered as a therapeutic agent alone. Generally, 
it is preferable to mix the antibody composition with at least 
one pharmaceutical acceptable carrier and provide it as a 
pharmaceutical formulation produced by an appropriate 
method well known in the technical field of manufacturing 
pharmacy. 

0516. It is preferable to select a route of administration 
which is the most effective in treatment. Examples include 
oral administration and parenteral administration Such as 
buccal, tracheal, rectal, Subcutaneous, intramuscular and 
intravenous. In an antibody preparation, intravenous admin 
istration is preferable. 
0517. The dosage form includes sprays, capsules, tablets, 
granules, Syrups, emulsions, Suppositories, injections, oint 
ments, tapes and the like. 
0518 Examples of the pharmaceutical preparation Suit 
able for oral administration include emulsions, Syrups, cap 
Sules, tablets, powders, granules and the like. 
0519 Liquid preparations, Such as emulsions and Syrups, 
can be produced using, as additives, water, Saccharides Such 
as Sucrose, Sorbitol and fucose, glycols Such as polyethylene 
glycol and propylene glycol, oils. Such as Sesame oil olive oil 
and Soybean oil; antiseptics Such as p-hydroxybenzoic acid 
esters, flavorS Such as Strawberry flavor and peppermint; and 
the like. 

0520 Capsules, tablets, powders, granules and the like 
can be produced using, as additive, excipients Such as 
lactose, glucose, Sucrose and mannitol, disintegrating agents 
Such as Starch and Sodium arginate; lubricants Such as 
magnesium Stearate and talc, binderS Such as polyvinyl 
alcohol, hydroxypropylcellulose and gelatin; Surfactants 
Such as fatty acid ester, plasticizerS Such as glycerine; and 
the like. 

0521. The pharmaceutical preparation suitable for 
parenteral administration includes injections, Suppositories, 
Sprays and the like. 
0522. Injections may be prepared using a carrier Such as 
a Salt Solution, a glucose Solution or a mixture of both 
thereof or the like. Also, powdered injections can be pre 
pared by freeze-drying the antibody composition in the usual 
way and adding Sodium chloride thereto. 
0523 Suppositories may be prepared using a carrier Such 
as cacao butter, hydrogenated fat or carboxylic acid. 
0524. Also, sprays may be prepared using the antibody 
composition as Such or using a carrier which does not 
Stimulate the buccal or airway mucous membrane of the 
patient and can facilitate absorption of the antibody com 
position by dispersing it as fine particles. 

0525) The carrier includes lactose, glycerine and the like. 
Depending on the properties of the antibody composition 
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and the carrier, it is possible to produce pharmaceutical 
preparations Such as aerosols and dry powders. In addition, 
the components exemplified as additives for oral prepara 
tions can also be added to the parenteral preparations. 
0526 Although the clinical dose or the frequency of 
administration varies depending on the objective therapeutic 
effect, administration method, treating period, age, body 
weight and the like, it is usually 10 ug/kg to 20 mg/kg per 
day and per adult. 
0527. Also, as the method for examining antitumor effect 
of the antibody composition against various tumor cells, in 
vitro tests include CDC activity measuring method, ADCC 
activity measuring method, and the like; and in Vivo tests 
include antitumor experiments using a tumor System in an 
experimental animal Such as a mouse, and the like. 
0528 CDC activity and ADCC activity measurements 
and antitumor experiments can be carried out in accordance 
with the methods described in Cancer Immunology Immu 
notherapy, 36, 373 (1993); Cancer Research, 54, 1511 
(1994) and the like. 
0529) The present invention will be described below in 
detail based on Examples; however, Examples are only 
Simple illustrations of the present invention, and the Scope of 
the present invention is not limited thereto. 

EXAMPLE 1. 

0530 Preparation of an Anti-CD20 Human Chimeric 
Antibody: 
0531 1. Preparation of Anti-CD20 Vector for Expression 
of Human Chimeric Antibody 
0532 (1) Construction of a cDNA Encoding the V 
Region of L Chain of an Anti-CD20 Mouse Monoclonal 
Antibody 

0533 AcDNA (represented by SEQID NO:11) encoding 
the amino acid sequence of the V region of L chain (here 
inafter referred to as “VL) of an anti-CD20 mouse mono 
clonal antibody 2B8 described in WO 94/11026 was con 
structed using PCR as follows. 
0534 First, binding nucleotide sequences of primers for 
amplification at the time of the PCR and restriction enzyme 
recognizing Sequences for cloning into a vector for human 
ized antibody expression were added to the 5'-terminal and 
3'-terminal of the nucleotide sequence of the VL described 
in WO 94/11026. A designed nucleotide sequence was 
divided from the 5'-terminal side into a total of 6 nucleotide 
Sequences each having about 100 bases (adjacent nucleotide 
Sequences are designed Such that their termini have an 
overlapping Sequence of about 20 bases), and 6 Synthetic 
DNA fragments, actually those represented by SEQ ID 
NOS:15, 16, 17, 18, 19 and 20, were prepared from them in 
alternate order of a Sense chain and an antisense chain 
(consigned to GENSET). 
0535 Each oligonucleotide was added to 50 ul of a 
reaction mixture KOD DNA polymerase-attached PCR 
Buffer #1 (manufactured by TOYOBO), 0.2 mM dNTPs, 1 
mM magnesium chloride, 0.5 uM M13 primer M4 (manu 
factured by Takara Shuzo) and 0.5 uM M13 primer RV 
(manufactured by Takara Shuzo) to give a final concentra 
tion of 0.1 uM, and using a DNA thermal cycler GeneAmp 
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PCR System 9600 (manufactured by Perkin Elmer), the 
reaction was carried out by heating at 94 C. for 3 minutes, 
adding 2.5 units of KOD DNA Polymerase (manufactured 
by TOYOBO) thereto, Subsequent 25 cycles of heating at 
94 C. for 30 seconds, 55° C. for 30 seconds and 74° C. for 
1 minute as one cycle and then further heating at 72 C. for 
10 minutes. After 25 ul of the reaction mixture was subjected 
to agarose gel electrophoresis, a VL PCR product of about 
0.44 kb was recovered by using QIAquick Gel Extraction 
Kit (manufactured by QIAGEN). 
0536) Next, 0.1 lug of a DNA fragment obtained by 
digesting a plasmid pblueScript II SK(-) (manufactured by 
Stratagene) with a restriction enzyme SmaI (manufactured 
by Takara Shuzo) and about 0.1 ug of the PCR product 
obtained in the above were added to sterile water to adjust 
the total volume to 7.5 ul and then 7.5 ul of solution I of 
TAKARA ligation kit ver. 2 (manufactured by Takara 
Shuzo) and 0.3 ul of the restriction enzyme SmaI (manu 
factured by Takara Shuzo) were added thereto to carry out 
the reaction at 22 C. for 2 hours. Using the recombinant 
plasmid DNA solution obtained in this manner, E. coli 
DH5C. (manufactured by TOYOBO) was transformed. Each 
plasmid DNA was prepared from the transformant clones 
and allowed to react using BigDye Terminator Cycle 
Sequencing Ready Reaction Kit v2.0 (manufactured by 
Applied BioSystems) in accordance with the instructions 
attached thereto, and then the nucleotide Sequence was 
analyzed by a DNA sequencer ABI PRISM 377 manufac 
tured by the same company. In this manner, the plasmid 
pBS2B8L shown in FIG. 1 having the objective nucleotide 
Sequence was obtained. 
0537) (2) Construction of a EDNA Encoding the V 
Region of H Chain of an Anti-CD20 Mouse Monoclonal 
Antibody 
0538 AcDNA (represented by SEQID NO:13) encoding 
the amino acid Sequence of the V region of H chain 
(hereinafter referred to as “VH”) of the anti-CD20 mouse 
monoclonal antibody 2B8 described in WO 94/11026 was 
constructed using PCR as follows. 
0539 First, binding nucleotide sequences of primers for 
amplification at the time of the PCR and a restriction enzyme 
recognizing Sequence for cloning into a vector for human 
ized antibody expression were added to the 5'-terminal and 
3'-terminal of the nucleotide sequence of the VH described 
in WO 94/11026. A designed nucleotide sequence was 
divided from the 5'-terminal side into a total of 6 nucleotide 
Sequences each having about 100 bases (adjacent nucleotide 
Sequences are designed Such that their termini have an 
overlapping Sequence of about 20 bases), and 6 Synthetic 
DNA fragments, actually those represented by SEQ ID 
NOS:25, 26, 27, 28, 29 and 30, were prepared from them in 
alternate order of a Sense chain and an antisense chain 
(consigned to GENSET). 
0540 Each oligonucleotide was added to 50 ul of a 
reaction mixture KOD DNA polymerase-PCR Buffer #1 
(manufactured by TOYOBO), 0.2 mM dNTPs, 1 mM mag 
nesium chloride, 0.5uM M13 primer M4 (manufactured by 
Takara Shuzo) and 0.5 uM M13 primer RV (manufactured 
by Takara Shuzo) to give a final concentration of 0.1 uM, 
and using a DNA thermal cycler Gene Amp PCR System 
9600 (manufactured by Perkin Elmer), the reaction was 
carried out by heating at 94 C. for 3 minutes, adding 2.5 
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units of KOD DNA Polymerase (manufactured by 
TOYOBO), subsequent 25 cycles of heating at 94° C. for 30 
seconds, 55 C. for 30 seconds and 74 C. for 1 minute as 
one cycle and then heating at 72 C. for 10 minutes. After 25 
All of the reaction mixture was Subjected to agarose gel 
electrophoresis, a VH PCR product of about 0.49 kb was 
recovered by using QIAquick Gel Extraction Kit (manufac 
tured by QIAGEN). 
0541. Next, 0.1 lug of a DNA fragment obtained by 
digesting the plasmid p3lueScript II SK(-) (manufactured 
by Stratagene) with the restriction enzyme SmaI (manufac 
tured by Takara Shuzo) and about 0.1 lug of the PCR product 
obtained in the above were added to sterile water to adjust 
the total volume to 7.5 uJ, and then 7.5 ul of solution I of 
TAKARA ligation kit ver. 2 (manufactured by Takara 
Shuzo) and 0.3 ul of the restriction enzyme SmaI (manu 
factured by Takara Shuzo) were added thereto to carry out 
the reaction at 22 C. overnight. 
0542. Using the recombinant plasmid DNA solution 
obtained in this manner, E. coli DH5O. (manufactured by 
TOYOBO) was transformed. Each plasmid DNA was pre 
pared from the transformant clones and allowed to react 
using BigDye Terminator Cycle Sequencing Ready Reaction 
Kit v2.0 (manufactured by Applied Biosystems) in accor 
dance with the manufactures instructions attached thereto, 
and then the nucleotide Sequence was analyzed by the DNA 
sequencer ABI PRISM 377 manufactured by the same 
company. In this manner, the plasmid p3S-2B8H shown in 
FIG. 2 comprising the objective nucleotide Sequence was 
obtained. 

0543. Next, in order to substitute the amino acid residue 
at position 14 from Ala to Pro, the synthetic DNA shown in 
SEQ ID NO:31 was designed, and base substitution was 
carried out by PCR using LA PCR in vitro Mutagenesis 
Primer Set for pBluescript II (manufactured by Takara 
Shuzo) as follows. After 50 ul of a reaction mixture LA 
PCR Buffer IE (manufactured by Takara Shuzo), 2.5 units of 
TaKaRa LA Taq, 0.4 mM dNTPs, 2.5 mM magnesium 
chloride, 50 nM T3 BcaBEST Sequencing primer (manu 
factured by Takara Shuzo) and 50 nM of the primer for 
mutagenesis (SEQ ID NO:31, manufactured by GENSET) 
containing 1 ng of the plasmid pBS-2B8H was prepared, the 
PCR was carried out by using a DNA thermal cycler 
GeneAmp PCR System 9600 (manufactured by Perkdn 
Elmer) by 25 cycles of heating at 94° C. for 30 seconds, 55° 
C. for 2 minutes and 72 C. for 1.5 minutes as one cycle. 
After 30 ul of the reaction mixture was Subjected to agarose 
gel electrophoresis, a PCR product of about 0.44 kb was 
recovered by using QIAquick Gel Extraction Kit (manufac 
tured by QIAGEN) and made into 30 ul of an aqueous 
mixture. In the same manner, PCR was carried out by using 
50 ul of a reaction mixture LAPCR Buffer II (manufactured 
by Takara Shuzo), 2.5 units of TaKaRa LA Taq, 0.4 mM 
dNTPs, 2.5 mM magnesium chloride, 50 nM 17 BcaBEST 
Sequencing primer (manufactured by Takara ShuZO) and 50 
nM MUT B1 primer (manufactured by Takara Shuzo) 
containing 1 ng of the plasmid pBS-2B8R After 30 ul of the 
reaction mixture was Subjected to agarose gel electrophore 
sis, a PCR product of about 0.63 kb was recovered by using 
QIAquick Gel Extraction Kit (manufactured by QIAGEN) 
and made into 30 ul of aqueous solution. Next, 0.5 til of each 
of 0.44 kb PCR product and 0.63 kb PCR product thus 
obtained were added to 47.5 ul of a reaction mixture LA 
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PCR Buffer II (manufactured by Takara Shuzo), 0.4 mM 
dNTPs, and 2.5 mM magnesium chloride, and using a DNA 
thermal cycler GeneAmp PCR System 9600 (manufactured 
by PerkinElmer), annealing of the DNA was carried out by 
heating the reaction mixture at 90° C. for 10 minutes, 
cooling it to 37 C. over 60 minutes and then keeping it at 
37 C. for 15 minutes. After carrying out the reaction at 72 
C. for 3 minutes by adding 2.5 units of TaKaRa LA Tad 
(manufactured by Takara Shuzo), 10 pmol of each of T3 
BcaBEST Sequencing primer (manufactured by Takara 
Shuzo) and T BcaBEST Sequencing primer (manufactured 
by Takara Shuzo) were added thereto to make the volume of 
the reaction mixture to 50 ul, which was subjected to 10 
cycles of heating 94 C. for 30 seconds, 55 C. for 2 minutes 
and 72 C. for 1.5 minutes as one cycle. After 25ul of the 
reaction mixture was purified using QIA quick PCR purifi 
cation kit (manufactured by QIAGEN), a half volume 
thereof was allowed to react at 37 C. for 1 hour using 10 
units of a restriction enzyme Kpnl (manufactured by Takara 
Shuzo) and 10 units of a restriction enzyme SacI (manufac 
tured by Takara Shuzo). The reaction mixture was fraction 
ated by using agarose gel electrophoresis to recover a 
KnI-SacI fragment of about 0.59 kb. 
0544 Net, 1 lug of pBluescript IISK(-) (manufactured by 
Stratagene) was allowed to react at 37° C. for 1 hour using 
10 units of the restriction enzyme KpnI (manufactured by 
Takara Shuzo) and 10 units of the restriction enzyme SacI 
(manufactured by Takara Shuzo), and then the reaction 
mixture was Subjected to agarose gel electrophoresis to 
recover a Kipn-SacI fragment of about 2.9 kb. 
0545. The PCR product-derived KpnI-SacI fragment and 
plasmid pBluescript II SK(-)-derived KpnI-SacI fragment 
thus obtained were ligated by using Solution I of DNA 
Ligation Kit Ver 2 (manufactured by Takara Shuzo) in 
accordance with the manufactures instructions attached 
thereto, Using the recombinant plasmid DNA solution 
obtained in this manner, E. coli DH5C. (manufactured by 
TOYOBO) was transformed. Each plasmid DNA was pre 
pared from the transformant clones, and allowed to react by 
using BigDye Terminator Cycle Sequencing Ready Reaction 
Kit v2.0 (manufactured by Applied Biosystems) in accor 
dance with the manufacturers instructions attached thereto, 
and then the nucleotide Sequence was analyzed by the DNA 
sequencer ABI PRISM 377 manufactured by the same 
company. 

0546. In this manner, the plasmid pBS-2B8Hm shown in 
FIG. 2 comprising the objective nucleotide Sequence was 
obtained, 

0547 (3) Construction of an Anti-CD20 Vector for 
Expression of Human Chimeric Antibody 
0548. By using pKTEX93, a vector for expression of 
humanized antibody, (Mol. Immunol, 37, 1035, 2000) and 
the plasmids p3S-2B8L and p3S-2B8Hm obtained in items 
1(1) and (2) of Example 1, an anti-CD20 human chimeric 
antibody (hereinafter referred to as “anti-CD20 chimeric 
antibody”) expression vector pKANTEX2B8P was con 
structed as follows. 

0549. After 2 tug of the plasmid pBS-2B8L obtained in 
item 1(1) in Example 1 was allowed to react at 55° C. for 1 
hour using 10 units of a restriction enzyme BsiWI (manu 
factured by New England Biolabs), followed by reaction at 
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37 C. for 1 hour using 10 units of a restriction enzyme 
EcoRI (manufactured by Takara Shuzo). The reaction mix 
ture was fractionated by agarose gel electrophoresis to 
recover a BsiWI-EcoRI fragment of about 0.41 kb. 
0550 Next, 2 up of pKANTEX93, a vector for expres 
sion of humanized antibody, was allowed to react at 55 C. 
for 1 hour using 10 units of the restriction enze BsiWI 
(manufactured by New England Biolabs), followed by reac 
tion at 37 C. for 1 hour using 10 units of the restriction 
enzyme EcoRI (manufactured by Takara Shuzo). The reac 
tion mixture was fractionated by agarose gel electrophoresis 
to recover a BsiWI-EcoRI figment of about 12.75 kb. 
0551) Next, the plasmid pbS-2B8L-derived BsiWI 
EcoRI fragment and plasmid pKANTEX93-derived BsiWI 
EcoRI fragment thus obtained were ligated by using Solu 
tion I of DNA Ligation Kit Ver, 2 (manufactured by Takara 
ShuZO) in accordance with the manufactures instructions 
attached thereto. By using the recombinant plasmid DNA 
solution obtained in this manner, E. coli DH5O. (manufac 
tured by TOYOBO) was transformed to obtain the plasmid 
pKANTEX2B8-L shown in FIG. 3. 
0552) Next, 2 ug of the plasmid pBS-2B8Hm obtained in 
item 1(2) of Example 1 was allowed to react at 37° C. for 1 
hour by using 10 units of a restriction enzyme Apal (manu 
factured by Takara Shuzo), followed by reaction at 37 C. 
for 1 hour using 10 units of a restriction enzyme Not 
(manufactured by Takara Shuzo). The reaction mixture was 
fractionated by agarose gel electrophoresis to recover an 
ApaI-Not fragment of about 0.45 kb. 
0553) Next, 3 lug of the plasmid pKANTEX2B8-L was 
allowed to react at 37 C. for 1 hour by using 10 units of the 
restriction enzyme Apal (manufactured by Takara Shu Zo), 
followed by reaction at 37 C. for 1 hour using 10 units of 
the restriction enzyme NotI (manufactured by Takara 
ShuZO). The reaction mixture was fractionated by agarose 
gel electrophoresis to recover an Apa-Not fragment of 
about 13.16 kb. 

0554) Next, the plasmid pBS-2B8Hm-derived ApaI-NotI 
fragment and plasmid pKANTEX2B8-L-derived ApaI-Not 
fragment thus obtained were ligated by using Solution I of 
DNA Ligation Kit Ver. 2 (manufactured by Takara Shuzo) in 
accordance with the manufactures instructions attached 
thereto. By using the recombinant plasmid DNA solution 
obtained in this manner, E. coli DH5O. (manufactured by 
TOYOBO) was transformed, and each plasmid DNA was 
prepared from the transformant clones. 
0555. The nucleotide sequence of the thus obtained plas 
mid was analyzed by using BigDye Terminator Cycle 
Sequencing Ready Reaction Kit v 2.0 (manufactured by 
Applied Biosystems) and the DNA sequencer 377 of the 
Same company, and it was confirmed that the plasmid 
pKANTEX2B8P shown in FIG. 3 into which the objective 
DNA had been cloned was obtained. 

0556. 2. Stable Expression of an Anti-CD20 Chimeric 
Antibody by Using Animal Cells 
0557 (1) Preparation of a Production Cell by Using Rat 
Myeloma YB2/0 Cell 
0558 By using the anti-CD20 chimeric antibody expres 
sion vector, pKANTEX2B8P, obtained in item 1(3) of 
Example 1, the anti-CD20 chimeric antibody was expressed 
in animal cells as follows. 
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0559). After 10 ug of the plasmid pKANTEX2B8P was 
introduced into 4x10" cells of a rat myeloma cell line 
YB2/0 cell (ATCC CRL 1662) by electroporation Cyto 
technology, 3, 133 (1990)), the cells were suspended in 40 
ml of H-SFM medium (manufactured by GIBCO-BRL 
supplemented with 5% fetal calf serum (FCS)) and dis 
pensed at 200 ul?well into a 96 well microtiter plate (manu 
factured by Sumitomo Bakelite). After culturing at 37 C. 
for 24 hours in a 5% CO incubator, G418 was added thereto 
to give a concentration of 1 mg/ml, followed by culturing for 
1 to 2 weeks. Culture Supernatants were recovered from 
wells where colonies of transformants showing G418 resis 
tance were formed and transformants became confluent, and 
the produced amount of the human IgG antibody in the 
culture Supernatant was measured by ELISA described in 
item 2(2) of Example 1. 
0560 Regarding a transformant in a well where expres 
Sion of human IgG antibody was found in the culture 
Supernatant, in order to increase the antibody expression 
level using a dhfr gene amplification System, it was SuS 
pended in H-SFM medium containing 1 mg/ml G418 and 
50 nM methotrexate (hereinafter referred to as “MTX”, 
manufactured by SIGMA) as an inhibitor of the dhfr gene 
product dihydrofolate reductase (hereinafter referred to as 
“DHFR) to give a density of 1 to 2x10 cells/ml, and the 
Suspension was dispensed at 1 ml into each well of a 24 well 
plate (manufactured by Greiner). Culturing was cared out at 
37 C. for 1 to 2 weeks in a 5% CO incubator to induce 
transformants showing 50 DM MTX resistance. When a 
transformant became confluent in a well, the produced 
amount of the human IgG antibody in the culture Superna 
tant was measured by ELISA described in item 202) of 
Example 1. Regarding a transformant in well where expres 
Sion of human IgG antibody was found in the culture 
Supernatant, the M concentration was increased to 100 nM 
and then to 200 nM by the same method to finally obtain a 
transformant which can grow in H-SFM containing 1 
mg/ml of G418 and 200 nM of MTX and also can perform 
high expression of the anti-CD20 chimeric antibody. The 
obtained transformant was cloned by limiting dilution, 
whereby a clone KM3065 which expresses an anti-CD20 
chimeric antibody was obtained. Also, using the determina 
tion method of transcription product of C1,6-fucosyltrans 
ferase gene described in Example 8 of WO 00/61739, a cell 
line producing a relatively low level of the transcription 
product was Selected and used as a Suitable cell line. 

0561. The obtained transformant clone KM3065 which 
produces the anti-CD20 chimeric antibody has been depos 
ited on Dec. 21, 2001, as FERM 7834 in International Patent 
Organism Depositary, National Institute of Advanced Indus 
trial Science and Technology (AIST Tsukuba Central 6, 1-1, 
Higashi 1-Chome Tsukuba-shi, Ibaraki-ken, Japan). 
0562 (2) Measurement of a Human IgG Antibody Con 
centration in Culture Supernatant (ELISA) 
0563 A goat anti-human IgG (H & L) antibody (manu 
factured by American Qualex) was diluted with a phosphate 
buffered saline (hereinafter referred to as “PBS”) to give a 
concentration of 1 lug/ml, dispensed at 50 ul/well into a 96 
well ELISA plate (manufactured by Greiner) and then 
allowed to stand at 4 C. overnight for adhesion. After 
washing with PBS, 1% bovine serum albumin (hereinafter 
referred to as “BSA”, manufactured by AMPC)-containing 
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PBS (hereinafter referred to as “1% BSA-PBS”) was added 
thereto at 100 ul/well and allowed to react at room tempera 
ture for 1 hour to block the remaining active groups. After 
discarding 1% BSA-PBS, culture Supernatant of a transfor 
mant and variously diluted Solutions of a purified human 
chimeric antibody were added thereto at 50 ul/well and 
allowed to react at room temperature for 2 hours. After the 
reaction, each well was washed with 0.05% Tween 20-con 
taining PBS (hereinafter referred to as “Tween-PBS”), and 
then, as a Secondary antibody Solution, a peroxidase-labeled 
goat anti-human IgG (H & L) antibody Solution (manufac 
tured by American Qualex) 3,000 folds-diluted with 1% 
BSA-PBS was added thereto at 50 ul/well and allowed to 
react at room temperature for 1 hour. After the reaction and 
Subsequent washing with Tween-PBS, an ABTS Substrate 
Solution (a Solution prepared by dissolving 0.55 g of 2,2'- 
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)ammo 
nium in 1 liter of 0.1 M citrate buffer (pH 4.2), and adding 
1 ul/ml hydrogen peroxide just before use) was dispensed at 
50 ul/well for coloration, and the absorbance at 415 nm 
(hereinafter referred to as “OD415”) was measured. 

0564) 3. Purification of Anti-CD20 Chimeric Antibody 
from Culture Supernatant 

0565. The transformant cell clone KM3065 capable of 
expressing the anti-CD20 chimeric antibody, obtained in 
item 201) of Example 1, was suspended in H-SFM (manu 
factured by GIBCO-BRL) containing 200 nM MTX and 5% 
of Daigo's GF21 (manufactured by Wako Pure Chemical 
Industries), to give a density of 1x10 cells/ml, and dis 
pensed at 50 ml into 182 cm flasks (manufactured by 
Greiner). The cells were cultured at 37° C. for 7 days in a 5% 
CO incubator, and the culture Supernatant was recovered 
when they became confluent. The anti-CD20 chimeric anti 
body KM3065 was purified from the culture Supernatant 
using a Prosep-A (manufactured by Millipore) column in 
accordance with the manufactures instructions attached 

thereto. About 3 tug of the obtained anti-CD20 chimeric 
antibody KM3065 was subjected to electrophoresis in accor 
dance with the known method Nature, 227,680 (1970) to 
examine its molecular weight and purification degree. As a 
result, the purified anti-CD20 chimeric antibody KM3065 
was about 150 kilodaltons (hereinafter referred to as “Kd”) 
under non-reducing condition, and two bands of about 50 Kd 
and about 25 Kd were observed under reducing conditions. 
These sizes of protein coincided with reports Stating that an 
IgG type antibody has a molecular weight of about 150 Kd 
under non-reducing condition and is degraded into H chain 
having a molecular weight of about 50 Kd and L chain 
having a molecular weight of about 25 Kd under reducing 
condition due to cutting of the intramolecular disulfide bond 
(hereinafter referred to as “S-S bond') Antibodies. A 
Laboratory Manual, Cold Spring Harbor Laboratory, Chap 
ter 14 (1988), Monoclonal Antibodes. Principles and Prac 
tice, Academic Press Limited (1996) and also almost coin 
cided with the electrophoresis pattern of Rituxan TM, and 
accordingly, it was confirmed that the anti-CD20 chimeric 
antibody KM3065 is expressed as the antibody molecule of 
a COrrect Structure. 
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EXAMPLE 2 

0566 Activity Evaluation of an Anti-CD20 Chimeric 
Antibody: 

0567 1. Binding Activity of an Anti-CD20 Chimeric 
Antibody to CD20-Expressing Cells (Immunofluorescent 
Method) 
0568 Binding activity of the purified CD20 chimeric 
antibody obtained in item 3 of Example 1 was evaluated by 
an immunofluorescent method using a flow cytometry. A 
human lymphoma cell line, Raji cell (JCRB 9012), as a 
CD20-positive cell was dispensed at of 2x10 cells into each 
well of a 96 well U-shape plate (manufactured by Falcon). 
An antibody solution (a concentration of 0.039 to 40 ug/ml) 
prepared by diluting the anti-CD20 chimeric antibody with 
an FACS buffer (1% BSA-PBS, 0.02% EDTA, 0.05% NaNs) 
was added thereto at 50 ul?well and allowed to react on ice 
for 30 minutes. After washing twice with 200 ul/well of the 
FACS buffer, a solution prepared by diluting a PE-labeled 
anti-human IgG antibody (manufactured by Coulter) 100 
folds with FACS buffer was added thereto at 50 ul/well. 
After 30 minutes of the reaction on ice under a shade and 
Subsequent three times of washing at 200 ul/well, the cells 
were finally suspended at 500 ul of the mixture to measure 
the fluorescence intensity by a flow cytometer. The results 
are shown in FIG. 4. Antibody concentration-dependent 
increase in the fluorescence intensity was observed in both 
of KM3065 and Rituxan'TM, and it was confirmed that they 
show almost the Same binding activity. Also, their activity to 
bind to a CD20-negative cell, human CCRF-CEM cell 
(ATCC CCL 119), was examined in the same manner by 
adjusting the antibody concentration to 40 ug/ml. The results 
are shown in FIG. 5. Since neither K3065 nor RituxcnTM 
bound thereto, it was suggested that KMO65 specifically 
binds to CD20. 

0569 2. In Vitro Cytotoxic Activity (ADCC Activity) of 
an Anti-CD20 Chimeric Antibody 
0570. In order to evaluate in vitro cytotoxic activity of the 
purified anti-CD20 chimeric antibodies obtained in item 3 of 
Example 17 the ADCC activity was measured in accordance 
with the following method. 
0571 (1) Preparation of a Target Cell Solution 
0572. A human B lymphocyte cultured cell line WEL2-S 
cell (ATCC CRLS885), Ramos cell (ATCC CRL1596) or 
Raji cell (JCRB9012) cultured in RPW1640-FCS(10) 
medium (RPMI1640 medium (manufactured by GIBCO 
BRL) containing 10% FCS) were washed with RPMI1640 
FCS(5) medium (RPMI1640 medium (manufactured by 
GIBCO BRL) containing 5% FCS) by centrifugation and 
Suspension, and then adjusted to 2x10 cells/ml by adding 
the RPMI1640-FCS(5) medium as the target cell solution. 
0573 (2) Preparation of an Effector Cell Solution 
0574. From a healthy person, 50 ml of venous blood was 
collected, and 0.5 ml of heparin sodium (manufactured by 
Shimizu Pharmaceutical) was added thereto and gently 
mixed. The mixture was centrifuged to isolate a mono 
nuclear cell layer using Lymphoprep (manufactured by 
AXIS SHIED) in accordance with the manufacture's 
instructions (800xg, 20 minutes). After washing with the 
RPMI1640-FCS(5) medium by centrifugation three times, 
the resulting precipitate was re-Suspended to give a density 
of 4x10" cells/ml using the same medium and used as an 
effector cell Solution. 
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0575 (3) Measurement of ADCC Activity 
0576 Into each well of a 96 well U-shaped bottom plate 
(manufactured by Falcon), 50 ul of the target cell solution 
prepared in the above (1) (1x10" cells/well) was dispensed. 
Next, 50 ul of the effector cell solution prepared in the above 
(2) was added thereto (2x10 cells/well, the ratio of effector 
cells to target cells became 20:1). Subsequently, each of the 
anti-CD20 chimeric antibodies was added thereto to give a 
final concentration from 0.3 to 3000 ng/ml, and the total 
volume was made up to 150 ul, followed by reaction at 37 
C. for 4 hours. After the reaction, the plate was centrifuged, 
and the lactate dehydrogenase (LDH) activity in the Super 
natant was measured by obtaining the absorbance data using 
CytoTox96 Non-Radioactive Cytotoxicity Assay (manufac 
tured by Promega) according to the manufacturers instruc 
tions. The absorbance data of Spontaneously released target 
cells and the absorbance data of Spontaneously released 
effector cells were obtained in the same manner as the above, 
except that the medium alone was used instead of the 
effector cell solution and the antibody solution, and that the 
medium alone was used instead of the target cell Solution 
and the antibody Solution, respectively. The absorbance data 
of the total released target cells was obtained by measuring 
the LDH activity in the Supernatant in the Same manner as 
the above, by using the medium instead of the antibody 
Solution and the effector cell Solution and adding 15 ul of a 
9% Triton X-100 Solution to the medium 45 minutes before 
the reaction termination. The ADCC activity was measured 
by the following equation. 

Absorbance of 
Absorbance ( spontaneously 
of sample 

released effector cells 

Absorbance of 

spontaneously 
Cytotoxic released target cells 

x 100 
tivity(% Absorbance of 

activity(%) (i. of "T) spontaneously 
released target cells 

released target cells 

0577 FIG. 6 shows results of using 3 cell lines as the 
target. FIGS. 6A, 6B and 6C show results of using Raji cell 
(JCRB9012), Ramos cell (ATCC CRL1596) and WIL2-S 
cell (ATCC CRL8885), respectively. As shown in FIG. 6, 
KM3065 show higher ADCC activity at all antibody con 
centrations and higher maximum cytotoxic activity than 
RituxanTM. 

EXAMPLE 3 

0578. Sugar Chain Analysis of Anti-CD20 Chimeric 
Antibodies: 

0579. Sugar chains of the anti-CD20 antibodies purified 
in item 3 of Example 1 were analyzed. The Sugar chains 
were cleaved from proteins by Subjecting KM3065 and 
Rituxan TM to hydrazinolysis Method of Enzymology, 13, 
263 (1982). After removing hydrazine by evaporation under 
a reduced pressure, N-acetylation was carried out by adding 
an aqueous ammonium acetate Solution and acetic anhy 
dride. After freeze-drying, fluorescence labeling by 2-ami 
nopyridine was carried out Journal of Biochemistry, 9, 197 
(1984). A fluorescence-labeled Sugar chain group (herein 
after "PA-treated Sugar chain group”) was separated from 
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excess reagents using Superdex Peptide HR 10/30 column 
(manufactured by Pharmacia). The Sugar chain fractions 
were dried using a centrifugation concentrator and used as a 
purified PA-treated Sugar chain group. Next, the purified 
PA-treated Sugar chain group was Subjected to reverse phase 
HPLC analysis using a CLC-ODS column (manufactured by 
Shimadzu). 
0580 FIG. 7 shows elution patterns obtained by carrying 
out reverse phase HPLC analysis of each of PA-treated Sugar 
chains prepared from the anti-CD20 chimeric antibodies. 
FIGS. 7A and 7B show elution patterns of KM3065 and 
RituxanTM, respectively. The ordinate and the abscissa show 
the relative fluorescence intensity and the elution time, 
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respectively. Using a 10 mM sodium phosphate buffer (pH 
3.8) as buffer A and a 10 mM sodium phosphate buffer (pH 
3.8)+0.5%. 1-butanol as buffer B, the analysis was carried 
out by the following gradient. 

TABLE 1. 

Time (minutes) O 8O 90 90.1 12O 
Buffer B (%) O 60 60 O O 

0581) Peaks CD to CDO in FIG. 7 show the following 
StructureS. 

GlcNAc B 1-2Man c. 1 
6 
Man B1-4GlcNAc B1-4GlcNAc-PA 

3 

GlcNAc B 1-2Man c. 1 

Gal B 1 4GlcNAc B 1- 2Mano. 1 

GlcNAc B 1- 2Man c. 1 

GlcNAc B 1- 2Man c. 1 

Gal B 1-4GlcNAc B 1-2Mano. 1 

Gal B 1 4GlcNAc B 1- 2Mano. 1 

Gal B 1 4GlcNAc B 1- 2Mano. 1 

GlcNAc B 1-2Man c. 1 

GlcNAc B 1-2Man c. 1 

Gal B 1-4GlcNAc B 1-2Mano. 1 

GlcNAc B 1-2Man c. 1 

GlcNAc B 1-2Man c. 1 

Gal B 1-4GlcNAc B 1-2Mano. 1 

Gal B 1 4GlcNAc B 1- 2Mano. 1 

2 

6 
Man B1-4GlcNAc B1-4GlcNAc-PA 

3 

3 

6 
Man B1-4GlcNAc B1-4GlcNAc-PA 

3 

4 

6 
Man B1-4GlcNAc B 1-4GlcNAc-PA 

3 

5 
Fuco. 1 

6 6 
Man B1-4GlcNAc B 1-4GlcNAc-PA 

3 

6 
Fuco. 1 

6 6 
Man B1-4GlcNAc B1-4GlcNAc-PA 

3 

7 
Fuco. 1 

6 6 
Man B1-4GlcNAc B1-4GlcNAc-PA 

3 

8 
Fuco. 1 

6 6 
Man B1-4GlcNAc B1-4GlcNAc-PA 

3 

Gal B 1-4GlcNAc B 1-2Mano. 1 
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-continued 

GlcNAc B1-2Man c. 1 
6 
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GlcNAc B 1-4 Man B1-4GlcNAc (31-4GlcNAc-PA 
3 

GlcNAc B1-2Man c. 1 

GlcNAc B1-4GlcNAc B1-2Man c. 1 
6 

1O 

GlcNAc B 1-4 Man B 1-4GlcNAc B1-4GlcNAc-PA 
3 

GlcNAc B1-2Man c. 1 

0582 GlcNAc, Gal, Man, Fuc and PA represent N-acetyl 
glucosamine, galactose, mannose, fucose and a pyridy 
lamino group, respectively. In FIG. 7, the ratio of the Sugar 
chain group in which 1-position of fucose is not bound to 
6-position of N-acetylglucosamine in the complex N-glyco 
Side-inked reducing end through C-bond (hereinafter 
referred to as “C1,6-fucose-free Sugar chain group” or 
“C1,6-fucose-not-bound Sugar chain group”) was calculated 
from the area occupied by the peaks CD to (3), (9) and (10 
among the areas occupied by the peaks CD to (10. Also, the 
ratio of the Sugar chain group in which 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the com 
plex N-glycoside-linked reducing end through C-bond 
(hereinafter referred to as “C.1,6-fucose-bound Sugar chain 
group”) was calculated from the area occupied by the peaks 
(5) tO among the areas occupied by the peaks of CD to 
(DO. 

0583. As a result, in Rituxan TM, the ratio of the C1,6- 
fucose-not-bound Sugar chains was 6%, whereas the ratio of 
the C1,6-fucose-bound sugar chains was 94%. In KM3065, 
the ratio of the C.1,6-fucose-not-bound Sugar chains was 
96%, whereas the ratio of the C.1,6-fucose-bound sugar 
chains was 4%. The results show that KM3065 has a much 
higher ratio of the C1,6-fucose-not-bound Sugar chains than 
RituxanTM. 

EXAMPLE 4 

0584) Preparation of C1,6-fucosyltransferase (FUT8) 
Gene Derived from CHO Cell: 

0585 (1) Preparation of C1,6-fucosyltransferase (FUT8) 
cDNA Sequence from CHO Cell 
0586 From a single-stranded cDNA prepared from CHO/ 
DG44 cells on the 2nd day of culturing in Example 8(1) of 
WO00/61739, Chinese hamster FUT8 cDNA was obtained 
by the following procedure (FIG. 8). 
0587 First, a forward primer specific for a 5'-terminal 
non-translation region (shown in SEQ ID NO:21) and a 
reverse primer Specific for a 3'-terminal non-translation 
region (shown in SEQ ID NO:22) were designed from a 
mouse FUT8 cDNA sequence (GeBank, AB025198). 
0588 Next, 25 ul of a reaction mixture EXTaq buffer 
(manufactured by Takara Shuzo), 0.2 mmol/l dNTPs, 4% 
DMSO and 0.5umol/l specific primers (SEQ ID NOS:21 and 
22)) containing 1 ul of the CHO/DG44 cell-derived cDNA 

was prepared and PCR was carried out by using a DNA 
polymerase ExTaq (manufactured by Takara Shuzo). The 
PCR was carried out by heating at 94 C. for 1 minute, 
Subsequent 30 cycles of heating at 94 C. for 30 seconds, 55 
C. for 30 seconds and 72 C. for 2 minutes as one cycle, and 
final heating at 72 C. for 10 minutes. 

0589. After the PCR, the reaction mixture was subjected 
to 0.8% agarose gel electrophoresis, and a specific amplified 
fragment of about 2. Kb was purified. Into a plasmid pCR2.1, 
4 ul of the DNA fragment was introduced in accordance with 
the manufacture's instructions attached to TOPOTA Clon 
ing Kit (manufactured by Invitrogen), and E. coli DH5C.: 
was transformed with the reaction mixture. Plasmid DNAS 
were isolated from cDNA-inserted 8 clones among the 
obtained kanamycin-resistant colonies in accordance with a 
known method. 

0590 The nucleotide sequence of each cDNA inserted 
into the plasmid was determined using DNA Sequencer 377 
(manufactured by Applied Biosystems) and BigDye Termi 
nator Cycle Sequencing FS Ready Reaction Kit (manufac 
tured by Applied BioSystems) in accordance with the 
method of the manufactures instructions. It was confirmed 
by the method that all of the inserted cDNAS encode a 
sequence containing the fill ORF of CHO cell FUT8. Among 
these, a plasmid DNA containing absolutely no reading error 
of bases by the PCR in the sequences was selected. Herein, 
the plasmid is referred to as CHfFUT8-pCR2.1. The deter 
mined nucleotide sequence of the cDNA of CHO FUT8 is 
represented by SEQ ID NO:1. The translation region (open 
reading frame: ORF) in SEQ ID NO:1 is nucleotides at 
position 100-1827, and the amino acid Sequence correspond 
ing to nucleotides at positions 100 to 1824 excluding the 
termination codon is represented by SEQ ID NO-23. 

0591) (2) Preparation of C1,6-fucosyltransferase (FUT8) 
Genomic Sequence from CHO Cell 

0592. Using the ORF full length cDNA fragment of CHO 
cell FUT8 obtained in item (1) as a probe, a CHO cell FUT8 
genomic clone was obtained from CHO-K1 cell-derived 
2-phage genome library (manufactured by Strategene) in 
accordance with a known genome Screening method 
described, e.g., in Molecular Cloning, Second Edition, Cur 
rent Protocols in Molecular Biology, A Laboratory Manual, 
Second Edition (1989). Next, after digesting the obtained 
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genomic clone using various restriction enzymes, the South 
ern hybridization was carried out by using an AfaI-Sau3AI 
fragment (about 280 bp) containing initiation codon of the 
CHO cell FUT8 cDNA as a probe, and then a Xbal-Xbal 
fragment (about 2.5 Kb) and a SacI-SacI fragment (about 6.5 
Kb) were selected from restriction enzyme fragments show 
ing positive reaction, inserted into pBlueScript II KS(+) 
(manufactured by Stratagene), respectively. 
0593. The nucleotide sequence of each of the obtained 
genomic fragments was determined by using DNA 
Sequencer 377 (manufactured by Applied Biosystems) and 
BigDye Terminator Cycle Sequencing FS Ready Reaction 
Kit (manufactured by ParkinElmer) in accordance with the 
method of the manufactures instructions. Thereby, it was 
confirmed that the Xbal-Xbal fragment encodes a Sequence 
of an upstream intron of about 2.5 Kb containing eXOn 2 of 
the CHO cell FUT8, and the SacI-SacI fragment encodes a 
Sequence of a downstream intron of about 6.5 Kb containing 
exon 2 of the CHO cell FUT8. Herein, the plasmid contain 
ing Xbal-Xbal fragment and the plasmid containing SacI 
SacI fragment are referred to as pFUT8fgE2-2 and 
pFUT8fgE2-4, respectively. The determined nucleotide 
Sequence (about 9.0 Kb) of the genome region containing 
eXOn 2 of the CHO cell FUT8 is shown in SEO ID NO:3. 

EXAMPLE 5 

0594 Preparation of CHO Cell in Which C1,6-fucosyl 
transferase Gene is Disrupted: 
0595 ACHO cell from which the genomic region com 
prising exon 2 of C1,6-fucosyltransferase FUT8) gene 
derived from the CHO cell was deleted was prepared and the 
ADCC activity of an antibody produced by the cell was 
evaluated. 

0596 1. Construction of Chinese Hamster C. 1,6-fucosyl 
transferase (FUT8) Gene Exon 2 Targeting Vector Plasmid 
pKOFUT8Puro 

0597 (1) Construction of Plasmid ploxPPuro 
0598. A plasmid ploxPPuro was constructed by the fol 
lowing procedure (FIG. 9). 
0599. In 35 ul of NEBuffer 4 (manufactured by New 
England Biolabs), 1.0 ug of a plasmid pKOSelectPuro 
(manufactured by Lexicon) was dissolved, and 20 units of a 
restriction enzyme AscI (manufactured by New England 
Biolabs) were added thereto, followed by digestion reaction 
at 37 C. for 2 hours. After the digestion reaction, the 
mixture was Subjected to 0.8% (w/v) agarose gel electro 
phoresis to purify a DNA fragment of about 1.5 Kb con 
taining a puromycin resistance gene expression unit. 
0600 Separately, 1.0 tug of a plasmid ploxP described in 
Japanese Published Examined Patent Application No. 
314512/99 was dissolved in 35ul of NEBuffer 4 (manufac 
tured by New England Biolabs), and 20 units of a restriction 
enzyme AscI (manufactured by New England Biolabs) were 
added thereto, followed by digestion reaction at 37 C. for 
2 hours. After the digestion reaction, the mixture was 
Subjected to 0.8% (w/v) agarose gel electrophoresis to purify 
a DNA fragment of about 2.0 Kb. 
0601 The obtained AscI-AscI fragment (45ul, about 1.5 
Kb) derived from the plasmid pKOSelectPuro, 0.5ul of the 
AscI-AscI fragment (about 2.0Kb) derived from the plasmid 
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ploxP and 5.0 ul of Ligation High (manufactured by Toyobo) 
were mixed, followed by ligation reaction at 16 C. for 30 
minutes. E. coli DH5C. was transformed by using the reac 
tion mixture, and a plasmid DNA was isolated in accordance 
with a known method from the obtained amplicillin-resistant 
clones. Herein, the plasmid is referred to as ploxPPuro. 
0602 (2) Construction of Plasmid pKOFUT8 gE2-1 
0603 A plasmid pKOFUT8 g2-1 was constructed by the 
following procedure, by using the plasmid pFUT8fgE2-2 
having a genome region comprising eXOn 2 of Chinese 
hamster FUT8 obtained in Example 4(2) (FIG. 10). 
0604) In 35 ul of NEBuffer 1 (manufactured by New 
England Biolabs) containing 100 ug/ml of BSA (manufac 
tured by New England Biolabs), 2.0 ug of the plasmid 
pFUT8fgE2-2 was dissolved, and 20 units of a restriction 
enzyme SacI (manufactured by New England Biolabs) were 
added thereto, followed by digestion reaction at 37 C. for 
2 hours. A DNA fragment was recovered from the reaction 
mixture by ethanol precipitation and dissolved in 35 ul of 
NEBuffer 2 (manufactured by New England Biolabs) con 
taining 100 tug/ml BSA (manufactured by New England 
Biolabs), and 20 units of a restriction enzyme EcoRV 
(manufactured by New England Biolabs) were added 
thereto, followed by digestion reaction at 37 C. for 2 hours. 
After the digestion reaction, the mixture was Subjected to 
0.8% (w/v) agarose gel electrophoresis to purify a DNA 
fragment of about 1.5 Kb. 
0605 Separately, 1.0 ug of a plasmid LITMUS28 (manu 
factured by New England Biolabs) was dissolved in 35ul of 
NEBuffer I (manufactured by New England Biolabs) con 
taining 100 tug/ml of BSA (manufactured by New England 
Biolabs), and 20 units of a restriction enzyme SacI (manu 
factured by New England Biolabs) were added thereto, 
followed by digestion reaction at 37 C. for 2 hours. A DNA 
fragment was recovered from the reaction mixture by etha 
nol precipitation and dissolved in 35 ul of NEBuffer 2 
(manufactured by New England Biolabs) containing 100 
ug/ml BSA(manufactured by New England Biolabs), and 20 
units of a restriction enzyme EcoRV (manufactured by New 
England Biolabs) were added thereto, followed by digestion 
reaction at 37 C. for 2 hours. After the digestion reaction, 
the mixture was Subjected to 0.8% (w/v) agarose gel elec 
trophoresis to purify a DNA fragment of about 2.8 Kb. 

0606 The obtained EcoRV-SacI fragment (4.5 ul, about 
1.5 Kb) derived from the plasmid pFUT8fgE2-2, 0.5ul of 
the EcoRV-SacI fragment (about 2.8 Kb) derived from the 
plasmid LITMUS28 and 5.0 ul of Ligation High (manufac 
tured by Toyobo) were mixed, followed by ligation reaction 
at 16 C. for 30 minutes. Ecoli DH5O. was transformed by 
using the reaction mixture, and a plasmid DNA was isolated 
from the obtained amplicillin-resistant clones in accordance 
with a known method. Herein, the plasmid is referred to as 
pKOFUT8gE2-1. 

0607 (3) Construction of Plasmid pKOFUT8gE2-2 
0608) A plasmid pKOFUT8gE2-2 was constructed by the 
following procedure, by using the plasmid pKOFUT8gE2-1 
obtained in item (2) (FIG. 11). 
0609. In 30 ul of NEBuffer 2 (manufactured by New 
England Biolabs) containing 100 lug/nm of BSA (manufac 
tured by New England Biolabs), 2.0 ug of the plasmid 
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pKOFUT8gE2-1 was dissolved, and 20 units of a restriction 
enzyme EcoRV (manufactured by New England Biolabs) 
were added thereto, followed by digestion reaction at 37 C. 
for 2 hours. A DNA fragment was recovered from the 
reaction mixture by ethanol precipitation and dissolved in 30 
ul of NEBuffer 1 (manufactured by New England Biolabs) 
containing 100 lug/ml BSA (manufactured by New England 
Biolabs), and 20 units of a restriction enzyme KpnI (manu 
factured by New England Biolabs) were added thereto, 
followed by digestion reaction at 37 C. for 2 hours. After 
the digestion reaction, the mixture was Subjected to 0.8% 
(w/v) agarose gel electrophoresis to purify a DNA fragment 
of about 1.5 Kb. 

0610 Separately, 1.0 lug of the plasmid ploxPPuro was 
dissolved in 30 ul of NEBuffer 4 (manufactured by New 
England Biolabs), and 20 units of a restriction enzyme HpaI 
(manufactured by New England Biolabs) were added 
thereto, followed by digestion reaction at 37 C. for 2 hours. 
A DNA fragment was recovered from the reaction mixture 
by ethanol precipitation and dissolved in 30 ul of NEBuffer 
1 (manufactured by New England Biolabs) containing 100 
ug/mil BSA (manufactured by New England Biolabs), and 
20 units of a restriction enzyme KpnI (manufactured by New 
England Biolabs) were added thereto, followed by digestion 
reaction at 37 C. for 2 hours. After the digestion reaction, 
the mixture was Subjected to 0.8% (w/v) agarose gel elec 
trophoresis to purify a DNA fragment of about 3.5 Kb. 
0611) The obtained EcoRV-KpnI fragment (4.0 ul, about 
1.5 Kb) derived from the plasmid pKOFUT8gE2-1, 1.0 ul of 
the HpaI-KpnI fragment (about 3.5 Kb) derived from the 
plasmid ploxPPuro and 5.0 ul of Ligation High (manufac 
tured by Toyobo) were mixed, followed by ligation reaction 
at 16 C. for 30 minutes. E. coli DH5C. was transformed by 
using the reaction mixture, and a plasmid DNA was isolated 
in accordance with a known method from the obtained 
ampicillin-resistant clones. Herein, the plasmid is referred to 
as pKOFUT8gE2-2. 
0612 (4) Construction of Plasmid pscFUT8gE2-3 
0613 A plasmid pscFUT8gE2-3 was constructed by the 
following procedure, by using the plasmid pFUT8fgE24 
having a genome region comprising eXOn 2 of Chinese 
hamster FUT8 obtained in Example 4(2) (FIG. 12). 
0614) In 35 ul of NEBuffer 1 (manufactured by New 
England Biolabs), 2.0 ug of the plasmid pFUT8fgE2-4 was 
dissolved, and 20 units of a restriction enzyme HpaII (manu 
factured by New England Biolabs) were added thereto, 
followed by digestion reaction at 37 C. for 2 hours. A DNA 
fragment was recovered from the reaction mixture by etha 
nol precipitation, and then the DNA termini were changed to 
blunt ends by using Blunting High (manufactured by 
Toyobo) in accordance with the manufactures instructions. 
The DNA fragment was recovered by carrying out phenol/ 
chloroform extraction and ethanol precipitation and dis 
solved in 35 ul of NEBuffer 2 (manufactured by New 
England Biolabs), and 20 units of a restriction enzyme 
HindIII (manufactured by New England Biolabs) were 
added thereto, followed by digestion reaction at 37 C. for 
2 hours. After the digestion reaction, the mixture was 
Subjected to 0.8% (w/v) agarose gel electrophoresis to purify 
a DNA fragment of about 3.5 Kb. 
0615 Separately, 1.0 ug of a plasmid LITMUS39 (manu 
factured by New England Biolabs) was dissolved in 35ul of 
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NEBuffer 2 (manufactured by New England Biolabs), and 
the mixture was mixed with 20 units of a restriction enzyme 
EcoRV (manufactured by New England Biolabs) and 20 
units of a restriction enzyme HindIII (manufactured by New 
England Biolabs) and Subjected to the digestion reaction at 
37 C. for 2 hours. After the digestion reaction, the mixture 
was Subjected to 0.8% (w/v) agarose gel electrophoresis to 
purify a DNA fragment of about 2.8 Kb. 
0616) The obtained HpaII-HindIII fragment (4.0 ul, about 
3.5 Kb) derived from the plasmid pFUT8fgE24, 1.0 ul of the 
EcoRV-HindIII fragment (about 2.8 Kb) derived from the 
plasmid LITMUS39 and 5.0 ul of Ligation High (manufac 
tured by Toyobo) were mixed, followed by ligation reaction 
at 16 C. for 30 minutes. E. coli DH5C. was transformed by 
using the reaction mixture, and a plasmid DNA was isolated 
in accordance with a known method from the obtained 
ampicillin-resistant clones. Herein, the plasmid is referred to 
as pscFUT8gE2-3. 

0617 (5) Construction of Plasmid pKOFUT8gE2-3 
0618 Aplasmid pKOFUT8gE2-3 was constructed by the 
following procedure, by using the plasmid pFUT8fgE2-4 
obtained in Example 4(2) having a genome region compris 
ing exon 2 of Chinese hamster FUT8 (FIG. 13). 
0619. In 35 ul of NEBuffer for EcoRI (manufactured by 
New England Biolabs), 2.0 ug of the plasmid pFUT8fgE2-4 
was dissolved, and 20 units of a restriction enzyme EcoRI 
(manufactured by New England Biolabs) and 20 units of a 
restriction enzyme HindIII (manufactured by New England 
Biolabs) were added thereto, followed by digestion reaction 
at 37 C. for 2 hours. After the digestion reaction, the 
mixture was Subjected to 0.8% (w/v) agarose gel electro 
phoresis to purify a DNA fragment of about 1.8 Kb. 
0620 Separately, 1.0 lug of a plasmid p3luescript II 
KS(+) (manufactured by Stratagene) was dissolved in 35 ul 
of NEBuffer for EcoRI (manufactured by New England 
Biolabs). Then 20 units of a restriction enzyme EcoRI 
(manufactured by New England Biolabs) and 20 units of a 
restriction enzyme HindIII (manufactured by New England 
Biolabs) were added thereto, followed by digestion reaction 
at 37 C. for 2 hours. After the digestion reaction, the 
mixture was Subjected to 08% (w/v) agarose gel electro 
phoresis to purify a DNA fragment of about 3.0 Kb. 
0621) The obtained HindIII-EcoRI fragment (4.0 pd, 
about 1.8Kb) derived from the plasmid pFUT8fgE2-4, 1.0 
ul of the HindIII-EcoRI fragment (about 3.0 Kb) derived 
from the plasmid pPluescript II KS(+) and 5.0 ul of Ligation 
High (manufactured by Toyobo) were mixed, followed by 
ligation reaction at 16 C. for 30 minutes. E. coli DH5O. was 
transformed by using the reaction mixture, and a plasmid 
DNA was isolated in accordance with a known method from 
the obtained amplicillin-resistant clones. Herein, the plasmid 
is referred to as pKOFUT8gE2-3. 
0622 (6) Construction of Plasmid pKOFUT8gE2-4 
0623 Aplasmid pKOFUT8gE2-4 was constructed by the 
following procedure, by using the plasmids pscFUT8gE2-3 
and pKOFUT8gE2-3 obtained in items (4) and (5) (FIG. 
14). 
0624) In 35 ul of NEBuffer for Sall (manufactured by 
New England Biolabs) containing 100 ug/ml of BSA (manu 
factured by New England Biolabs), 1.0 ug of the plasmid 
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pscFUT8gE2-3 was dissolved, and 20 units of a restriction 
enzyme Sall (manufactured by New England Biolabs) were 
added thereto, followed by digestion reaction at 37 C. for 
2 hours. A DNA fragment was recovered from the reaction 
mixture by ethanol precipitation and dissolved in 30 ul of 
NEBuffer 2 (manufactured by New England Biolabs), con 
taining 100 tug/ml BSA (manufactured by New England 
Biolabs), and 20 units of a restriction enzyme HindIII 
(manufactured by New England Biolabs) were added 
thereto, followed by digestion reaction at 37 C. for 2 hours. 
After the digestion reaction, the mixture was Subjected to 
0.8% (w/v) agarose gel electrophoresis to purify a DNA 
fragment of about 3.6 Kb. 
0625 Separately, 1.0 lug of the plasmid pKOFUT8gE2-3 
was dissolved in 35 ul of NEBuffer for Sall (manufactured 
by New England Biolabs), containing 100 tug/ml BSA 
(manufactured by New England Biolabs), and 20 units of a 
restriction enzyme SalI (manufactured by New England 
Biolabs) were added thereto, followed by digestion reaction 
at 37 C. for 2 hours. A DNA fragment was recovered from 
the reaction mixture by ethanol precipitation and dissolved 
in 35 ul of NEBuffer 2 (manufactured by New England 
Biolabs), and 20 units of a restriction enzyme HindIII 
(manufactured by New England Biolabs) were added 
thereto, followed by digestion reaction at 37 C. for 2 hours. 
After the digestion reaction, 35 ul of 1 mol/l Tris-HCl buffer 
(pH 8.0) and 3.5 ul of E. coli C15-derived alkaline phos 
phatase (manufactured by Takara Shuzo) were added 
thereto, followed by reaction at 65 C. for 30 minutes to 
dephosphorylate the DNA termini. After the dephosphory 
lation treatment, a DNA fragment was recovered by carrying 
out phenol/chloroform extraction and ethanol precipitation, 
and dissolved in 10 ul of sterile water. 
0626. The obtained Sall-HindIII fragment (4.0 ul, about 
3.1 Kb) derived from the plasmid pscFUT8gE2-3, 1.0 ul of 
the Sall-HindIII fragment (about 4.8Kb) derived from the 
plasmid pKOFUT8gE2-3 and 5.0 ul of Ligation High 
(manufactured by Toyobo) were mixed, followed by ligation 
reaction at 16 C. for 30 minutes. E coli DH5C. was 
transformed by using the reaction mixture, and a plasmid 
DNA was isolated in accordance with a known method from 
the obtained amplicillin-resistant clones. Herein, the plasmid 
is referred to as pKOFUT8gE2-4. 
0627 (7) Construction of Plasmid pKOFUT8gE2-5 
0628 Aplasmid pKOFUT8gE2-5 was constructed by the 
following procedure, by using the plasmids 
pKOFUT8gE2-2 and pKOFUT8gE2-4 obtained in items (3) 
and (6) (FIG. 15). 
0629. In 30 ul of NEBuffer 4 (manufactured by New 
England Biolabs), 1.0 ug of the plasmid pKOFUT8gE2-2 
was dissolved, and 20 units of a restriction enzyme SmaI 
(manufactured by New England Biolabs) were added 
thereto, followed by digestion reaction at 25 C. for 2 hours. 
A DNA fragment was recovered from the reaction mixture 
by ethanol precipitation and dissolved in 30 ul of NEBuffer 
2 (manufactured by New England Biolabs), and 20 units of 
a restriction enzyme BamHI (manufactured by New England 
Biolabs) were added thereto, followed by digestion reaction 
at 37 C. for 2 hours. After the digestion reaction, 30 ul of 
1 mol/l Tris-HCl buffer (pH 8.0) and 3.0 ul of E. coli 
C15-derived alkaline phosphatase (manufactured by Takara 
Shuzo) were added thereto, followed by reaction at 65° C. 
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for 1 hour to dephosphorylate the DNA termini. After the 
dephosphorylation treatment, the DNA fragment was recov 
ered by carrying out phenol/chloroform extraction and etha 
nol precipitation, and dissolved in 10 ul of Sterile water. 
0630 Separately, 1.0 lug of the plasmid pKOFUT8gE2-4 
was dissolved in 30 ul of NEBuffer 4 (manufactured by New 
England Biolabs), and 20 units of a restriction enzyme SmaI 
(manufactured by New England Biolabs) were added 
thereto, followed by digestion reaction at 25 C. for 2 hours. 
A DNA fragment was recovered from the reaction mixture 
by ethanol precipitation and dissolved in 30 W of NEBuffer 
2 (manufactured by New England Biolabs), and 20 units of 
a restriction enzyme BamHI (manufactured by New England 
Biolabs) were added thereto followed by digestion reaction 
at 37 C. for 2 hours. After the digestion reaction, the 
mixture was Subjected to 0.8% (w/v) agarose gel electro 
phoresis to purify a DNA fragment of about 5.2 Kb. 
0631 The obtained SmaI-BamHI fragment (0.5ul, about 
5.0 Kb) derived from the plasmid pKOFUT8gE2-2, 4.5ul of 
the SmaI-BamHI fragment (about 5.2 Kb) derived from the 
plasmid pKOFUT8gE2-4 and 5.0 ul of Ligation High 
(manufactured by Toyobo) were mixed, followed by ligation 
reaction at 16 C. for 15 hours. E. coli DH5C. was trans 
formed by using the reaction mixture, and a plasmid DNA 
was isolated in accordance with a known method from the 
obtained amplicillin-resistant clones. Herein, the plasmid is 
referred to as pKOFUT8gE2-5. 
0632 (8) Construction of Plasmid pKOFUT8Puro 
0633) A plasmid pKOFUT8Puro was constructed by the 
following procedure, by using the plasmid pKOFUT8gE2-5 
obtained in item (7) (FIG. 16). 
0634) In 50 ul of NEBuffer 4 (manufactured by New 
England Biolabs), 1.0 ug of a plasmid pKOSelectDT (manu 
factured by Lexicon) was dissolved, and 16 units of a 
restriction enzyme Rsri I (manufactured by New England 
Biolabs) were added thereto, followed by digestion reaction 
at 37 C. for 2 hours. After the digestion reaction, the 
mixture was Subjected to 0.8% (w/v) agarose gel electro 
phoresis to purify a DNA fragment of about 1.2 Kb com 
prising a diphtheria toxin expression unit. 
0635 Separately, 1.0 lug of the plasmid pKOFUT8gE2-5 
was dissolved in 50 ul of NEBuffer 4 (manufactured by New 
England Biolabs), and 16 units of a restriction enzyme RSrI 
(manufactured by New England Biolabs) were added 
thereto, followed by digestion reaction at 37 C. for 2 hours. 
After the digestion reaction, 30 ul of 1 mol/l Tris-HCl buffer 
(pH 8.0) and 3.0 ul of E coli C15-derived alkaline phos 
phatase (manufactured by Takara Shuzo) were added 
thereto, followed by reaction at 65 C. for 1 hour to 
dephosphorylate the DNA termini. After the dephosphory 
lation treatment, the DNA fragment was recovered by car 
rying out phenol/chloroform extraction and ethanol precipi 
tation, and dissolved in 10 ul of sterile water. 
0636) 1.0 ug of the obtained Rsr|I-RsriI fragment (about 
1.2 Kb) derived from the plasmid pKOSelectDT, 1.0 ul of 
the Rsr|I-RsriI fragment (about 10.4 Kb) derived from the 
plasmid pKOFUT8gE2-5, 3.0 ul of sterile water and 5.0 ul 
of Ligation High (manufactured by Toyobo) were mixed, 
followed by ligation reaction at 16 C. for 30 minutes. E. 
coli DH5O. was transformed by using the reaction mixture, 
and a plasmid DNA was isolated in accordance with a 
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known method from the obtained amplicillin-resistant 
clones. Herein, the plasmid is referred to as pKOFUT8Puro. 
The plasmid is used as a targeting vector for constructing 
CHO cell-derived FUT8 gene knock out cell. 

EXAMPLE 6 

0637 Preparation of Lectin-Resistant CHO/DG44 Cell 
and Production of Antibody. Using the Cell: 
0638 1. Preparation of Lectin-Resistant CHO/DG44 
0639 CHO/DG44 cells were grown until they reached a 
stage of just before confluent, by culturing in a 75 cm flask 
for adhesion culture (manufactured by Greiner) using 
IMDM-FBS(10) medium MOM medium comprising 10% 
of fetal bovine serum (FBS) and 1x concentration of HT 
supplement (manufactured by GIBCO BPL)). After washing 
the cells with 5 ml of Dulbecco's PBS (manufactured by 
Invitrogen), 1.5 ml of 0.05% trypsin (manufactured by 
Invitrogen) diluted with Dulbecco's PBS was added thereto 
and allowed to stand at 37 C. for 5 minutes to dissociate the 
cells from the flask bottom. The disociated cells were 
recovered by a centrifugation operation generally used in 
cell culture and suspended in IMDM-EBS(10) medium at a 
density of 1x10 cells/ml. To the cell suspension, and then 
0.1 lug/ml of an alkylating agent N-methyl-N'-nitro-N-ni 
trosoguanidine (hereinafter referred to as “MNNG”, manu 
factured by Sigma) may be added, if necessary. After incu 
bating them at 37° C. for 3 days in a CO incubator 
(manufactured by TABAI), the culture Supernatant was 
discarded, and the cells were again washed, dissociated and 
recovered by the same operations, Suspended in IMDM 
FBS(10) medium and then inoculated into a tissue culture 96 
well plate (manufactured by IWAKI Glass) at a density of 
1,000 cells/well. To each well, as the final concentration in 
medium, 1 mg/ml Lens culinaris agglutinin (hereinafter 
referred to as “LCA”, manufactured by Vector), 1 mg/ml 
Aleuria aurantia agglutinin (Aleuria aurantia lectin; here 
inafter referred to as “AAL", manufactured by Vector) or 1 
mg/ml kidney bean agglutinin (Phaseolus vulgaris leucoag 
glutinin; hereinafter referred to as “L-PHA', manufactured 
by Vector) was added. After culturing them at 37° C. for 2 
weeks in a CO incubator, the appeared colonies were 
obtained as lectin-resistant CHO/DG44. Regarding the 
obtained lectin-resistant CHO/DG44, an LCA-resistant cell 
line, an AAL-resistant cell line and an L-PHA-resistant cell 
line were named CHO-LCA, CHO-AAL and CHO-PHA, 
respectively. When the resistance of these cell lines to 
various kinds of lectin was examined, it was found that the 
CHO-LCA was also resistant to AAL, and the CHO-AAL 
was also resistant LCA. In addition, the CHO-LCA and 
CHO-AAL also showed a resistance to a lectin which 
recognizes a Sugar chain Structure identical to the Sugar 
chain Structure recognized by LCA and AAL, namely a 
lectin which recognizes a Sugar chain Structure in which 
1-position of fucose is bound to 6-position of N-acetylglu 
cosamine residue in the reducing end through C-bond in the 
N-glycoside-linked Sugar chain. Specifically, it was found 
that the CHO-LCA and CHO-AAL can show resistance and 
Survive even in a medium Supplemented with a pea agglu 
tinin (Pisum Sativum agglutinin; hereinafter referred to as 
“PSA”, manufactured by Vector) at a final concentration of 
1 mg/ml. In addition, even when the alkylating agent 
MNNG was not added, it was able to obtain lectin-resistant 
cell lines by increasing the number of cells to be treated. 
Hereinafter, these cell lines were used in analyses. 
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0640 2. Preparation of anti-CD20 Human Chimeric Anti 
body-Producing Cells 
0641 Into 1.6x10 cells of the CHO/DG44 cell which 
was the lectin-resistant cell line obtained in the above item 
1, 4 lug of an anti-CD20 vector for expression of human 
chimeric antibody pKANTEX2B8P was introduced by elec 
troporation Cytotechnology, 3, 133 (1990)), the cells were 
suspended in 10 ml of IMDM-dFBS(10)-HT(1) IMDM 
medium (manufactured by Invitrogen) containing 10% 
dFBS (manufactured by Invitrogen) and HT supplement 
(manufactured by Invitrogen) at 1x concentration) and the 
Suspension was dispensed into a 96-well culture plate 
(manufactured by Iwaki Glass) at 100 ul/well. The cells 
were cultured in a 5% CO incubator at 37 C. for 24 hours, 
and then its medium was changed to IMDM-dFBS(10) 
(IMM medium containing 10% dialyzed FBS), followed by 
culturing for 1 to 2 weeks, Since colonies of transformants 
showing IT-independent growth were observed, the trans 
formants in the wells in which growth was observed were 
subjected to a DHFR gene amplification, and the amount of 
the antibody production was increased. Specifically, the cells 
were suspended in IMDM-dFBS(10) medium containing 50 
nM MTX at a density of 1 to 2x10 cells/ml, and the 
Suspension was dispensed to a 24-well plate (manufactured 
by Iwaki Glass) at 0.5 ml/well. The cells were cultured in a 
5% CO incubator at 37 C. for 1 to 2 weeks to induce 
transformants showing 50 r MTX resistance. Regarding the 
transformants in wells in which growth was observed, the 
MTX concentration of the medium was increased to 200 
nM, and then a transformant capable of growing in the 
IMDM-dFBS(10) medium containing 200 nM MTX and of 
producing the anti-CD20 human chimeric antibody in a 
large amount was finally obtained in the same manner as 
described above. 

0642. 3. Culturing of an Antibody-Expressing Cell Line 
and Purification of an Antibody 
0643) The LCA Lectin-Resistant CHO/DG44 transfor 
mant cells capable of producing the anti-CD20 human 
chimeric antibody in a large amount obtained in the above 
item 2 was named R92-3-1. R92-3-1 has been deposited on 
Mar. 26, 2002, as FERM BP-7976 in International Patent 
Organism Depositary, National Insitute of Advanced Indus 
trial Science and Technology (AIST Tsukuba Central 6, 1-1, 
Higashi 1-Chome Tsukaba-Shi, Ibaraki-ken, Japan). 
0644) R92-3-1 was cultured in IMDM-dFBS(10) contain 
ing 200 nM M until the cells became confluent and was 
washed with Dulbecco's PBS (manufactured by Invitrogen), 
and then the medium was changed to EX-CELL301 (manu 
factured by JRH). The cells were cultured in a 5% CO 
incubator at 37 C. for 7 days and the culture Supernatant 
was collected. An anti-CD20 chimeric antibody was purified 
by using Prosep-A column (manufactured by Millipore) 
from the culture Supernatant, and was named R92-3-1 anti 
body. 

EXAMPLE 7 

0645) Purification of an Anti-CD20 Chimeric Antibody 
Produced by Lectin-Resistant CHO/DG44 Cell and Evalu 
ation of its Activity 
0646) 1. Evaluation of Binding Activity of the Antibody 
Derived from Lectin-Resistant CHO/DG44 Cell (Immunof 
luorescent Method) 
0647 Binding activity of R92-3-1 antibody obtained in 
above item 3 of Example 6 to Raji cell line, in which CD20 
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is expressed, was examined according to the immunofluo 
rescent method described in the above item 1 of Example 2 
and compared with that of commercially available antibody 
RituxanTM derived from ordinary CHO cell. As shown in 
FIG. 17, the fluorescent intensity was increased in depen 
dence on antibody concentration in both R92-3-1 antibody 
and RituxanTM, and it was confirmed that they have almost 
Similar binding activity. 
0648 2. Evaluation of In Vitro Cytotoxic Activity of the 
Antibody Derived from Lectin-Resistant CHO/DG44 Cell 
(ADCC Activity) 
0649. In order to evaluate in vitro ADCC activity of 
R92-3-1 antibody obtained in item 3 of Example 6, the 
ADCC activity was measured according to the method 
described in the above item 2 of Example 2. The ratio of the 
effector cell and the target cell, Raji cell, was 25:1, the final 
antibody concentration was 0.001 to 10 ug/mL, and the 
reaction was carried out at a total volume of 200 ul. The 
results are shown in FIG. 18. 

0650) The results show that R92-3-1 antibody derived 
from LCA lectin-resistant CHO/DG44 Cell has Higher 
ADCC Activity than Rituxan TM. 
0651) 3. Sugar Chain Analysis of the Antibody Derived 
from Lectin-Resistant CHO/DG44 Cell 

0652 Sugar chain analysis of R92-3-1 antibody obtained 
in the above item 3 of Example 6 was carried out according 
to the method described in Example 3. The results are shown 
in FIG. 19. The sugar chain structures of peaks O to (8) in 
FIG. 19 are the same as those of peaks (1) to (a in FIG. 7, 
respectively. 

0653. In FIG. 19, the ratio of the C1,6-fucose-free sugar 
chain group was calculated from the area occupied by the 
peaks CD to (4), (9) and (10 among CD to 10. Also, the ratio 
of the C.1,6-fucose-bound Sugar chain group was calculated 
from the area occupied by the peaks (5) to (8) among CD tO 
(DO. 

0654 As a result, in R92-3-1 antibody, the ratio of the 
C.1,6-fucose-not-bound Sugar chain group was 33%, 
whereas the ratio of the c1,6-fucose-bound Sugar chains was 
67%. When compared with the Sugar chain analysis of 
RituxanTM carried out in Example 3, the antibody produced 
by LCA lectin-resistant CHO/DC44 cells has a higher ratio 
of C1,6-fucose-not bound Sugar chains. 

EXAMPLE 8 

0655 Preparation of CHO Cell-Derived GMD Gene: 
0656 1. Determination of cDNA Sequence of CHO Cell 
Derived GMD gene 
0657 (1) Preparation of cDNA of CHO Cell-Derived 
GND Gene (Preparation of Partial cDNA Excluding 5'- and 
3'-terminal Sequences) 
0658) cDNA of rodents-derived GMD was searched in a 
public data base (BLAST) by using cDNA sequence of a 
human-derived GND (GenBank Accession No. AF042377) 
registered at Genank as a query, and three kinds of mouse 
EST sequences were obtained (GenBank Accession Nos. 
BE986856, BF158988 and BE284785). By ligating these 
EST sequences, a deduced cDNA sequence of mouse GMD 
was determined. 
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0659 On the base of cDNA sequence of the mouse 
derived GMD, a 28 mer primer having the Sequence repre 
sented by SEQ D NO:32, a 27 mer primer having the 
sequence represented by SEQ ID NO:33, a 25 mer primer 
having the sequence represented by SEQ ID NO:34, a 24 
mer primer having the Sequence represented by SEQ ID 
NO:35 and a 25mer primer having the sequence represented 
by SEQ D NO:36 were prepared. 
0660 Next, CHO/DG44 cell was subcultured in a 5% 
CO, incubator at 37° C., followed by culturing. After cul 
turing, a total RNA was prepared from 1x107 cells of each 
cell line by using RNeasy Protect Mini Kit (manufactured by 
QIAGEN) according to the manufacture's instructions, and 
a single-Stranded cDNA was Synthesized from 5 lug of each 
RNA in a 20 ul of a reaction mixture using RT-PCR 
(manufactured by GIBCO BRL) according to the manufac 
tures instructions. 

0661 Next, in order to amplify the CHO cell-derived 
cDNA, PCR was carried out by the following method. 
Specifically, 20 ul of a reaction mixture 1xEx Taq buffer 
(manufactured by Takara Shuzo), 0.2 nmM dNTPs, 0.5 unit 
of EX Tad polymerase (manufactured by Takara ShuZO) and 
0.5 uM of two synthetic DNA primers containing 0.5 til of 
the CHO cell-derived single-stranded cDNA as the template 
was prepared. In this case, combinations of SEQ ID NO:32 
with SEQ ID NO:33, SEQ ID NO:34 with SEQ ID NO:33, 
SEO ID NO:32 with SEO ID NO:35 and SEO ID NO:32 
with SEQ ID NO:36 were used as the synthetic DNA 
primers. The reaction was carried out by using DNA Ther 
mal Cycler 480 (manufactured by Perkin Elmer) by heating 
at 94 C. for 5 minutes and subsequent 30 cycles of heating 
at 94 C. for 1 minute and 68 C. for 2 minutes as one cycle. 
0662. The PCR reaction mixture was subjected to agarose 
electrophoresis for fractionation to find that a DNA fragment 
of about 1.2 kbp was amplified in the PCR product when 
synthetic DNA primers of SEQ ID NOS:32 and 33 were 
used, a fragment of about 1.1 kbp was amplified in the PCR 
product when synthetic DNA primers of SEQ ID NOS:33 
and 34 were used, a fragment of about 350 bp was amplified 
in the PCR product when synthetic DNAprimers of SEQ ID 
NOS:32 and 35 were used and a fragment of about 1 klbp 
was amplified in the PCR product when synthetic DNA 
primers of SEQ ID NOS:32 and 36 were used. The DNA 
fragments were recovered by using Gene Clean II Kit 
(manufactured by BIO 101) in accordance with the manu 
facture's instructions. The recovered DNA fragments were 
ligated to a pT7Blue(R) vector (manufactured by Novagen) 
using DNA Ligation Kit (manufactured by Takara Shuzo), 
and E. coli DH (manufactured by Toyobo) was transformed 
by using the obtained recombinant plasmid DNA Samples to 
thereby obtain plasmids 22-8 (having a DNA fragment of 
about 1.2 kbp amplified from synthetic DNA primers of SEQ 
ID NO:32 and SEQ ID NO:33), 23-3 (having a DNA 
fragment of about 1.1 kbp amplified from synthetic DNA 
primers of SEQ ID NO:34 and SEQ ID NO:33), 31-5 (a 
DNA fragment of about 350 bp amplified from synthetic 
DNA primers of SEQ ID NO:32 and SEQ ID NO:35) and 
34-2 (having a DNA fragment of about 1 kbp amplified from 
synthetic DNA primers of SEQID NO:32 and SEQ ID 
NO:36). The cDNA sequence of CHO cell-derived GMD 
contained in these plasmids was determined by using a DNA 
sequencer ABI PRISM 377 (manufactured by PerkinElmer) 
(since a sequence of 28 bases in downstream of the initiation 
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codon methionine in the 5'-terminal Side and a Sequence of 
27 bases in upstream of the termination codon in the 
3'-terminal side are originated from synthetic oligo DNA 
Sequences, they are mouse GMD cDNA sequences) in the 
usual method. 

0663. In addition, the following steps were carried out in 
order to prepare a plasmid in which cDNA fragments of the 
CHO cell-derived GMD contained in the plasmids 22-8 and 
34-2 are combined. After 1 tug of the plasmid 22-8 was 
allowed to react with a restriction enzyme EcoRI (manufac 
tured by Takara Shuzo) at 37° C. for 16 hours, the digest was 
Subjected to agarose electrophoresis, and then a DNA frag 
ment of about 4 kbp was recovered by using Gene Clean III 
Kit (manufactured by BIO 101) in accordance with the 
manufactures instructions. After 2 tug of the plasmid 34-2 
was allowed to react with a restriction enzyme EcoRI at 37 
C. for 16 hours, the digest was Subjected to agarose elec 
trophoresis and then a DNA fragment of about 150 bp was 
recovered by using Gene Clean II Kit (manufactured by 
BIO 101) in accordance with the manufacture's instructions. 
The recovered DNA fragments were respectively subjected 
to terminal dephosphorylation by using Calf Intestine Alka 
line Phosphatase (manufactured by Takara Shuzo) and then 
ligated by using DNA Ligation Kit (manufactured by Takara 
Shuzo), and E. coli DHSA (manufactured by Toyobo) was 
transformed by using the obtained recombinant plasmid 
DNA to obtain a plasmid CHO-GMD (FIG. 20). 
0664) (2) Determination of the 5'-terminal Sequence of 
CHO Cell-Derived GMD cDNA 

0665 A 24 mer primer having the nucleotide sequence 
represented by SEQ ID NO:37 was prepared from 5'-termi 
nal Side non-coding region nucleotide Sequences of CHO 
cell-derived GMD cdNA, and a 32 mer primer having the 
nucleotide sequence represented by SEQ ID NO:38 from 
CHO cell-derived GMD cdNA sequence was prepared, and 
PCR was carried out by the following method to amplify 
cDNA. Then, 20 ul of a reaction mixture 1xEx Tad buffer 
(manufactured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit 
of EX Tad polymerase (manufactured by Takara ShuZO) and 
0.5uM of the synthetic DNA primers of SEQID NO:37 and 
SEQ ID NO:38 containing 0.5 ul of the single-stranded 
cDNA as the template derived from CHO cell was prepared, 
and the reaction was carried out therein by using DNA 
Thermal Cycler 480 (manufactured by Perkin Elmer) by 
heating at 94 C. for 5 minutes, subsequent 20 cycles of 
heating at 94° C. for 1 minute, 55° C. for 1 minute and 72 
C. for 2 minutes as one cycle and further 18 cycles of heating 
at 94 C. for 1 minute and 68 C. for 2 minutes as one cycle. 
After fractionation of the PCR reaction mixture by agarose 
electrophoresis, a DNA fragment of about 300 bp was 
recovered by using Gene Clean II Kit (manufactured by 
BIO 101) in accordance with the manufacture's instructions. 
The recovered DNA fragment was ligated to a pT7Blue(R) 
vector (manufactured by Novagen) using DNA Ligation Kit 
(manufactured by Takara Shuzo), and E. coli DH5C. (manu 
factured by Toyobo) was transformed by using the obtained 
recombinant plasmid DNA samples to thereby obtain a 
plasmid 5'GMD. By using DNA Sequencer 377 (manufac 
tured by Applied BioSystems), the nucleotide Sequence of 28 
bases in downstream of the initiation methionine of CHO 
cell-derived GMD cdNA contained in the plasmid was 
determined. 
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0666 (3) Determination of the 3'-terminal Sequence of 
CHO Cell-Derived GMD cDNA 

0667. In order to obtain the 3'-terminal cDNA sequence 
of a CHO cell-derived GMD, RACE method was carried out 
by the following method. A single-stranded cDNA for 3' 
RACE was prepared from the CHO cell-derived RNA by 
using SMARTTM RACE cDNA Amplification Kit (manu 
factured by CLONTECH) in accordance with the manufac 
ture's instructions. In this case, PowerScriptTM Reverse 
Transcriptase (manufactured by CLONTECH) was used as 
the reverse transcriptase. The single-stranded cDNA after 
the preparation was diluted 10 folds with the Tricin-EDTA 
buffer attached to the kit and used as the template of PCR. 
0668 Next, 20 ul of a reaction mixture EXTaq buffer 
(manufactured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit 
of EXTaq polymerase (manufactured by Takara Shuzo), 0.5 
luM of the 24 mer synthetic DNA primer shown in SEQ ID 
NO:39 prepared on the base of cDNA sequence of the CHO 
cell-derived GM) determined in item (1) and 1x concen 
tration of Universal Primer Mix (attached to SMARTTM 
RACE cDNA Amplification Kit; manufactured by CLON 
TECH) containing 1 ul of the cDNA for 3' RACE as the 
template was prepared, and PCR was carried out by using 
DNA Thermal Cycler 480 (manufactured by Perkin Elmer) 
by heating at 94 C. for 5 minutes and Subsequent 30 cycles 
of heating at 94 C. for 1 minute and 68 C. for 2 minutes 
as one cycle. 
0669. After completion of the reaction, 1 ul of the PCR 
reaction mixture was diluted 20 folds with Tricin-EDTA 
buffer (manufactured by CLONTECH). Then, 20 ul of a 
reaction mixture EXTaq buffer (manufactured by Takara 
Shuzo), 0.2 mM dNTPs, 0.5 unit of EX Taq polymerase 
(manufactured by Takara Shuzo), 0.5 uM of the 25 mer 
synthetic DNA primer shown in SEQ ID NO:40 prepared 
on the base of the cDNA sequence of CHO cell-derived 
GMD determined in item (1) and 0.5uM of Nested Uni 
versal Primer (attached to SMARTTM RACE cDNA Ampli 
fication Kit; manufactured by CLONTECH) containing 1 ul 
of the 20 folds-diluted aqueous Solution as the template was 
prepared, and the reaction was carried out by using DNA 
Thermal Cycler 480 (manufactured by Perkin Elmer) by 
heating at 94 C. for 5 minutes and subsequent 30 cycles at 
94 C. for 1 minute and 68 C. for 2 minutes as one cycle. 
0670. After completion of the reaction, the PCR reaction 
mixture was Subjected to agarose electrophoresis for frac 
tionation and then a DNA fragment of about 700 bp was 
recovered by using Gene Clean II Kit (manufactured by 
BIO 101) in accordance with the manufacture's instructions. 
The recovered DNA fragment was ligated to a pT7Blue(R) 
vector (manufactured by Novagen) by using DNA Ligation 
Kit (manufactured by Takara Shuzo), and E. coli DH5O. 
(manufactured by Toyobo) was transformed by using the 
obtained recombinant plasmid DNA to thereby obtain a 
plasmid 3'GM. By using DNA Sequencer 377 (manufac 
tured by Applied BioSystems), the nucleotide sequences of 
27 bases in upstream of the termination codon and 415 bases 
in the non-coding region in the 3'-terminal of CHO cell 
derived GMD cdNA contained in the plasmid were deter 
mined. 

0671) The full length cDNA sequence of the CHO 
derived GMD gene determined in items (1), (2) and (3) and 
the corresponding amino acid Sequence are shown in SEQ 
ID NOs:41 and 61, respectively. 
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0672 2. Determination of a Genomic Sequence Contain 
ing CHO/DG44-derived Cell GMD gene 
0673 A 25 mer primer having the nucleotide sequence 
represented by SEQ ID NO; 56 was prepared from the 
cDNA sequence of mouse Go determined in item 1 of 
Example 8. Next, a CHO cell-derived genomic DNA was 
obtained by the following method. CHO/DG44 cell was 
suspended in IMDM-dFBS(10)—HT(1) medium IMDM 
dFBS(10) medium comprising 1x concentration of HT 
Supplement (manufactured by Invitrogen) at a density of 
3x10 cells/ml, and the Suspension was dispensed into a 6 
well flat bottom tissue culture plate for adhesion cell (manu 
factured by Greiner) at 2 ml/well. After culturing them at 37 
C. in a 5% CO incubator until the cells became confluent on 
the plate, genomic DNA was prepared from the cells on the 
plate by a known method Nucleic Acids Research, 3, 2303 
(1976) and dissolved overnight in 150 ul of TE-RNase 
buffer (pH 8.0) (10 mmol/l Tris-HCl, 1 mmol/l EDTA, 200 
Aug/ml RNase A). 
0674) Next, 100 ng of the obtained CHO/DG44 cell 
derived genomic DNA and 20 ul of a reaction mixture 1xEX 
Taq buffer (manufactured by Takara Shuzo), 0.2 mM 
dNTPs, 0.5 unit of EX Taq polymerase (manufactured by 
Takara Shuzo) and 0.5 uM synthetic DNA primers of SEQ 
ID NO:35 and SEQID NO:56) were prepared, and PCR was 
carried out by using DNA. Thermal Cycler 480 (manufac 
tured by Perkin Elmer) by heating at 94° C. for 5 minutes 
and Subsequent 30 cycles of heating at 94 C. for 1 minute 
and 68 C. for 2 minutes as one cycle. After completion of 
the reaction, the PCR reaction mixture was subjected to 
agarose electrophoresis for fractionation and then a DNA 
fragment of about 100 bp was recovered by using Gene 
Clean II Kit (manufactured by BIO 101) in accordance with 
the manufacture's instructions. The recovered DNA frag 
ment was ligated to a pT7Blue(R) vector (manufactured by 
Novagen) by using DNA Ligation Kit (manufactured by 
Takara Shuzo), and E. coli DHS5C. (manufactured by 
Toyobo) was transformed by using the obtained recombinant 
plasmid DNA, thereby obtaining a plasmid ex3. By using 
DNA Sequencer 377 (manufactured by Applied Biosys 
tems), the nucleotide sequence of CHO cell-derived 
genomic DNA contained in the plasmid was determined. 
The determined nucleotide sequence is shown in SEQ ID 
NO: 57. 

0675) Next, a 25 mer primer having the nucleotide 
sequence represented by SEQ ID NO:58 and a 25 mer 
primer having the nucleotide Sequence represented by SEQ 
ID NO:59 were prepared on the base of the cDNA sequence 
of CHO cell-derived GMD determined in item 1 of Example 
8. Next, 100 ng of the CHO/DG44-derived genomic DNA 
and 20 ul of a reaction mixture 1xEX Taq buffer (manufac 
tured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit of EXTaq 
polymerase (manufactured by Takara Shuzo) and 0.5 uM 
synthetic DNA primers of SEQ ID NO:58 and SEQ ID 
NO:59 were prepared, and PCR was carried out by using 
DNA Thermal Cycler 480 (manufactured by Perkin Elmer) 
by heating at 94 C. for 5 minutes and subsequent 30 cycles 
of heating at 94 C. for 1 minute and 68 C. for 2 minutes 
as one cycle. 

0676 After completion of the reaction, the PCR reaction 
mixture was Subjected to agarose electrophoresis for frac 
tionation and then a DNA fragment of about 200 bp was 
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recovered by using Gene Clean II Kit (manufactured by 
BIO 111) in accordance with the manufacture's instructions. 
The recovered DNA fragment was ligated to a pT7Blue(R) 
vector (manufactured by Novagen) by using DNA Ligation 
Kit (manufactured by Takara Shuzo), and E. coli DH5O. 
(manufactured by Toyobo) was transformed by using the 
obtained recombinant plasmid DNA, thereby obtaining a 
plasmid ex4. By using DNA Sequencer 377 (manufactured 
by Applied Biosystems), the nucleotide sequence of CHO 
cell-derived genomic DNA contained in the obtained plas 
mid was determined. The determined nucleotide Sequence is 
shown in SEO ID NO:60. 

EXAMPLE 9 

0677 Preparation of Various CHO Cell-Derived Genes 
Encoding Enzymes Relating to the Sugar Chain Synthesis: 

0678 1. Determination of CHO Cell-derived FX cDNA 
Sequence 

0679 (1) Extraction of Total RNA Derived from CHO/ 
DG44 Cell 

0680 CHO/DG44 cells were suspended in IMDM 
medium containing 10% fetal bovine Serum (manufactured 
by Life Technologies) and 1x concentration HTSupplement 
(manufactured by Life Technologies), and 15 ml of the 
Suspension was inoculated into a T75 tissue culture flask for 
adhesion cell culture (manufactured by Greiner) at a density 
of 2x10 cells/ml. On the second day after culturing at 37 
C. in a 5% CO incubator, 1x10" cells were recovered and 
a total RNA was extracted therefrom by using RNAeasy 
(manufactured by QIAGEN) in accordance with the manu 
facture's instructions. 

0681) (2) Preparation of CHO-DG44 Cell-Derived 
Single-Stranded cDNA 

0682. The total RNA prepared in item (1) was dissolved 
in 45 ul of sterile water, and 1 til of RQ1 RNase-Free DNase 
(manufactured by Promega), 80 of the attached 10x DNase 
buffer and 0.5ul of RNasin Ribonuclease Inhibitor (manu 
factured by Promega) were added thereto, followed by 
reaction at 37 C. for 30 minutes to degrade genomic DNA 
contaminated in the Sample. After the reaction, the total 
RNA was purified again by using RNAeasy (manufactured 
by QIAGlN and dissolved in 50 ul of sterile water. 
0683 In a 20 ul of reaction mixture using oligo(dT) as a 
primer, Single-Stranded cDNA was Synthesized from 3 tug of 
the obtained total RNA samples by carrying out reverse 
transcription reaction using SUPERSCRIPTTM Preamplifi 
cation System for First Strand cDNA Synthesis (manufac 
tured by Life Technologies) in accordance with the manu 
facture's instructions. A50 folds-diluted aqueous solution of 
the reaction mixture was used in the cloning of GFPP and 
FX. This was stored at -SO C. until use. 

0684 (3) Preparation of a cDNA Partial Fragment of 
Chinese Hamster-Derived FX 

0685. A cDNA partial fragment derived from Chinese 
hamster-derived FX was prepared by the following proce 
dure. First, primers (shown in SEQ ID NOS:42 and 43) 
Specific for nucleotide Sequences common to a human FX 
cDNA (Genebank Accession No. U58766) and a mouse FX 
EDNA (Genebank Accession No. M30127), were designed. 
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0686) Next, 25 ul of a reaction mixture ExTaq buffer 
(manufactured by Takara Shuzo), 0.2 mM dNTPs and 0.5 
umol/l gene-specific primers (SEQ ID NOS:42 and 43) 
containing 1 ul of the CHO/DG44-derived single-stranded 
cDNA prepared in item (2) was prepared, and polymerase 
chain reaction (CR) was carried out by using a DNA 
polymerase ExTaq (manufactured by Takara Shuzo). The 
PCR was carried out by heating at 94 C. for 5 minutes, 
Subsequent 30 cycles of heating at 94 C. for 1 minute, 58 
C. for 2 minutes and 72 C. for 3 minutes as one cycle, and 
final heating at 72 C. for 10 minutes. 
0687. After the PCR, the reaction mixture was subjected 
to 2% agarose gel electrophoresis, and a specific amplified 
fragment of 301 bp was purified by using QiaexII Gel 
Extraction Kit (manufactured by QIAGEN) and eluted with 
20 ul of sterile water (hereinafter, the method was used for 
the purification of DNA fragments from agarose gel). Into a 
plasmid pCR2.1, 4 ul of the amplified fragment was inserted 
by TOPOTA Cloning Kit (manufactured by Invitrogen) in 
accordance with the manufactures instructions attached 
thereto, and Ecoli DH5O. was transformed with the reaction 
mixture by the method of Cohen et al. Proc. Natl. Acad. Sci. 
USA, 69,2110 (1972) (hereinafter, the method was used for 
the transformation of E. coli). Plasmid DNA was isolated in 
accordance with a known method Nucleic Acids Research, 
7, 1513 (1979) (hereinafter, the method was used for the 
isolation of plasmid) from the obtained several kanamycin 
resistant colonies to obtain 2 clones into which cDNA partial 
fragments of FX were respectively inserted. They are 
referred to as pCRFX clone 8 and pCRFX clone 12. 
0688. The nucleotide sequence of the cDNA inserted into 
each of the FX clone 8 and FX clone 12 was determined by 
using DNA Sequencer 377 (manufactured by Applied Bio 
Systems) and Bigye Terminator Cycle Sequencing FS Ready. 
Reaction kit (manufactured by Applied BioSystems) in 
accordance with the method of the manufactures instruc 
tions. It was confirmed that each of the inserted cDNA 
whose Sequence was determined encodes open reading fame 
(ORF) partial sequence of the Chinese hamster-derived FX. 
0689 (4) Synthesis of a Single-Stranded cDNA for 
RACE 

0690 Single-stranded cDNA samples for 5' and 3' RACE 
were prepared from the CHO/DG44 total RNA extracted in 
item (1) by using SMARTTM RACE clDNA Amplification 
Kit (manufactured by CLONTECH) in accordance with the 
manufactures instructions. AS the reverse transcriptase, 
PowerScriptTM Reverse Transcriptase (manufactured by 
CLONTECH) was used. Each of the prepared single 
stranded cDNA was diluted 10 folds with the Tricin-EDTA 
buffer attached to the kit and used as the template of PCR 
Based on the partial Sequence of Chinese hamster-derived 
Fx determined in item (3), primers FXGSP1-1 (SEQ ID 
NO:44) and FXGSP1-2 (SEQID) NO:45) for the Chinese 
hamster FX-specific 5' RACE and primers FXGSP2-1 (SEQ 
ID NO:46) and FXGSP2-2 (SEQID NO:47) for the Chinese 
hamster FX-specific 3' RACE were designed. 

0691 Next, polymerase chain reaction (PCR) was carried 
out by using Advantage2 PCR Kit (manufactured by CLON 
TECH), by preparing 50 ul of a reaction mixture Advan 
tage2 PCR buffer (manufactured by CLONTECH), 0.2 mM 
dNTPs, 0.2 umol/l Chinese hamster FX-specific primers for 
RACE and 1x concentration of common primers (manufac 
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tured by CLONTECH) containing 1 ul of the CHO/DG44 
derived single-stranded cDNA for RACE prepared in item 
(4). 
0692 The PCR was carried out by repeating 20 cycles of 
heating at 94 C. for 5 seconds, 68 C. for 10 seconds and 
72 C. for 2 minutes as one cycle. 
0.693. After completion of the reaction, 1 ul of the reac 
tion mixture was diluted 50-folds with the Tricin-EDTA 
buffer, and 1 ul of the diluted Solution was used as a 
template, the reaction mixture was again prepared, and the 
PCR was carried out under the same conditions. The com 
bination of primers used in the first and second PCRs and the 
length of amplified DNA fragments by the PCRs are shown 
in Table 2. 

TABLE 2 

Combination of primers used in Chinese hamster-derived 
FX cDNA RACE PCR and the size of PCR products 

FX-specific PCR-amplified 
primers Common primers product size 

5 RACE 

First FXGSP1-1 UPM (Universal primer mix) 
Second FXGSP1-2 NUP (Nested Universal 300 bp 

primer) 
3 RACE 

First FXGSP2-1 UPM (Universal primer mix) 
Second FXGSP2-2 NUP (Nested Universal 1,100 bp 

primer) 

0694. After the PCR, the reaction mixture was subjected 
to 1% agarose gel electrophoresis, and the Specific amplified 
fragment of interest was purified by using QiaeXII Gel 
Extraction Kit (manufactured by QIAGEN) and eluted with 
20 ul of sterile water. Into a plasmid pCR2.1, 4 ul of the 
amplified fragment was inserted, and E. coli DH5O. was 
transformed by using the reaction mixture in accordance 
with the manufacture's instructions attached to TOPOTA 
Cloning Kit (manufactured by Invituogen). 
0695 Plasmid DNAs were isolated from the appeared 
Several kanamycin-resistant colonies, and 6 cDNA clones 
containing Chinese hamster FX 5' region were obtained. 
They are referred to as FX5' clone 25, FX5' clone 26, FX5' 
clone 27, FX5' clone 28, FX5' clone 31 and FX5' clone 32. 
0696. In the same manner, S cDNA clones containing 
Chinese hamster FX 3' region were obtained. These FX3' 
clones are referred to as FX3' clone 1, FX3' clone 3, FX3' 
clone 6, FX3' clone 8 and MX3' clone 9. 
0697 The nucleotide sequence constituting the cDNA of 
each of the clones obtained by the 5' and 3' RACE was 
determined by using DNA Sequencer 377 (manufactured by 
Applied BioSystems) in accordance with the method 
described in the manufactures instructions. By comparing 
the cDNA nucleotide sequences determined by the method, 
reading errors of nucleotide in PCR were excluded, and the 
full length nucleotide Sequence of Chinese hamster-derived 
FX cDNA was determined. The determined sequence is 
represented by SEQ ID NO:48. ORF of SEQ ID NO:48 
corresponds to nucleotides at positions 95 to 1060, and the 
amino acid Sequence corresponding to nucleotides at posi 
tions 95 to 1057 excluding the termination codon is repre 
sented by SEQ ID NO:62. 
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0698 2. Determination of a GFPP cDNA Sequence of 
CHO Cell 

0699 (1) Preparation of a cDNA Partial Fragment of 
Chinese Hamster-Derived GFPP 

0700. A clNA partial fragment of Chinese hamster 
GFPP was prepared by the following procedure. 

0701 First, a nucleotide sequence of a human-derived 
GFPP cDNA (Genebank Accession No. AF017445), mouse 
EST Sequences having high homology with the nucleotide 
sequence (Genebank Accession Nos. AI467195, AA422658, 
BE304325 and AI466474) and rat EST sequences 
(Genebank Accession Nos. BF546372, AIO58400 and 
AW144783), registered at public databases, were compared, 
and primers of GFPPFW9 and GFPPRV9 (SEQID NOs:49 
and 50), specific for rat GFPP were designed on a highly 
preserved region among these three species. 

0702 Next, polymerase chain reaction (PCR) was carried 
out by using a DNA polymerase EXTaq (manufactured by 
Takara ShuZo), by preparing 25 ul of a reaction mixture 
ExTaq buffer (manufactured by Takara Shuzo), 0.2 mM 
dNTPs and 0.5 umol/l GFPP-specific primers GFPP FW9 
and (GFPP RV9 (SEQ ID NOs:49 and 50) containing 1 ul 
of the CHO/DG44-derived single-stranded cDNA prepared 
in item 1(2). The PCR was carried out by heating at 94 C. 
for 5 minutes, Subsequent 30 cycles of heating at 94 C. for 
1 minute, 58 C. for 2 minutes and 72 C. for 3 minutes as 
one cycle, and final heating at 72 C. for 10 minutes. 
0703. After the PCR, the reaction mixture was subjected 
to 2% agarose gel electrophoresis, and a specific amplified 
fragment of 1.4 Kbp was purified using QuiaeXII Gel 
Extraction Kit (manufactured by QIAGEN) and eluted with 
20 ul of sterile water. Into a plasmid pCR2.1, 4 ul of the 
amplified fragment was inserted to insert in accordance with 
the manufacture's instructions attached to TOPOTA Clon 
ing Kit (manufactured by Invitrogen), and E. coli DH5O. was 
transformed by using the reaction mixture. 

0704. Plasmid DNAS were isolated from the appeared 
Several kanamycin-resistant colonies, and 3 clones trans 
fected with GFPP cDNA partial fragments were obtained. 
They are referred to as GFPP clone 8, GFPP clone 11 and 
GFPP clone 12. 

0705 The nucleotide sequence of the cDNA inserted into 
each of the GFPP clone 8, GFPP clone 11 and GFPP clone 
12 was determined by using DNA Sequencer 377 (manu 
factured by Applied Biosystems) and BigDye Terminator 
Cycle Sequencing FS Ready Reaction kit (manufactured by 
Applied BioSystems) in accordance with the method 
described in the manufactures instructions. It was confirmed 
that the inserted cDNA whose sequence was determined 
encodes a partial Sequence of the open reading frame (ORE) 
of the Chinese hamster-derived GFPP. 

0706 (2) Determination of Full Length cDNA of Chinese 
Hamster-Derived GFPP by RACE Method 
0707 Based on the Chinese hamster FX partial sequence 
determined in item 2(1), primers GFPP GSP1-1 (SEQ ID 
NO:52) and GFPP GSP1-2 (SEQ ID NO:53) for the Chinese 
hamster FX-specific 5 RACE and primers GFPP GSP2-1 
(SEQ ID NO:54) and GFPP GSP2-2 (SEQ ID NO:55) for 
the Chinese hamster GFPP-specific 3' RACE were designed. 
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0708 Next, polymerase chain reaction (PCR) was carried 
out by using Advantage2 PCR Kit (manufactured by CLON 
TECH), by preparing 50 ul of a reaction mixture Advan 
tage2 PCR buffer (manufactured by CLONTECH), 0.2 mM 
dNTPs, 0.2 umol/l Chinese hamster GFPP-specific primers 
for RACE and IX concentration of common primers (manu 
factured by CLONTECH) containing 1 ul of the CHO/ 
DG44-derived single-stranded cDNA for RACE prepared in 
item (4). 
0709) The PCR was carried out by repeating 20 cycles of 
heating at 94 C. for 5 seconds, 68 C. for 10 seconds and 
72 C. for 2 minutes as one cycle. 
0710. After completion of the reaction, 1 ul of the reac 
tion mixture was diluted 50 folds with the Tricin-EDTA 
buffer. By using 1 ul of the diluted Solution as a template, the 
reaction mixture was again prepared and the PCR was 
carried out under the same conditions. The combination of 
primers used in the first and second PCRs and the size of 
amplified DNA fragments by the PCRs are shown in Table 
3. 

TABLE 3 

Combination of primers used in Chinese hamster-derived 
GFPP cDNA RACE PCR and the size of PCR products 

PCR 
GFPP-specific amplified 
primers Common primers product size 

5 RACE 

First GFPPGSP1-1 UPM (Universal primer mix) 
Second GFPPGSP1-2 NUP (Nested Universal 1,100 bp 

primer) 
3 RACE 

First GFPPGSP2-1 UPM (Universal primer mix) 
Second GFPPGSP2-2 NUP (Nested Universal 1,400 bp 

primer) 

0711 After the PCR, the reaction mixture was subjected 
to 1% agarose gel electrophoresis, and the Specific amplified 
fragment of interest was purified using QiaeXII Gel Extrac 
tion Kit (manufactured by QIAGEN) and eluted with 20 ul 
of sterile water. Into a plasmid pCR2.1, 4 ul of the amplified 
fragment was inserted and E. coli DH5C. was transformed 
with the reaction mixture in accordance with the manufac 
ture's instructions attached to TOPOTA Cloning Kit (manu 
factured by Invitrogen). 
0712 Plasmid DNAS were isolated from the appeared 
Several kanamycin-resistant colonies to obtain 4 cDNA 
clones containing Chinese hamster GFPP5' region. They are 
referred to as GFPP5' clone 1, GFPP5' clone 2, GFPP5' clone 
3 and GFPP5' clone 4. 

0713. In the same manner, 3 cDNA clones containing 
Chinese hamster GFPP 3' region were obtained. They are 
referred to as GFPP3' clone 10, GFPP3' clone 16 and 
GFPP3' clone 20. 

0714. The nucleotide sequence of the cDNA of each of 
the clones obtained by the 5' and 3' RACE was determined 
by using DNA Sequencer 377 (manufactured by Applied 
Biosystems) in accordance with the method described in the 
manufactures instructions. By comparing the cDNA nucle 
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otide Sequences after the nucleotide Sequence determination, 
reading errors of bases in PCR were excluded and the full 
length nucleotide sequence of Chinese hamster GFPP cl)NA 
was determined. The determined sequence is shown in SEQ 
ID NO:51. ORF of SEQ D NO:51 corresponds to nucle 
otides at positions 27 to 1799, and the amino acid Sequence 
corresponding to nucleotides at positions 27 to 1796 exclud 
ing the termination codon is represented by SEQID NO:63. 

EXAMPLE 10 

0715 Evaluation of Activity of Anti-CD20 Chimeric 
Antibodies Having a Different Ratio of Antibody Molecules 
to Which an C.1,6-fucose-free Sugar Chain is Bound 
07.16 1. Preparation of Anti-CD20 Chimeric Antibodies 
Having a Different Ratio of Antibody Molecules to Which 
an C.1,6-fucose-free Sugar Chain is Bound 
0717 KM3065 purified in item 3 of Example 1 was 
mixed with CHO produced-Rituxan TM at a ratio of KM3065: 
RituxanTM=24:66, 34:56 or 44:46. Sugar chain analysis of 
these Samples was carried out in accordance with the method 
of Example 3. Ratios of the antibody molecules to which an 
C.1,6-fucose-free Sugar chain was bound were 26%, 35% and 
44%, respectively. Hereinafter, these Samples are called 
anti-CD20 chimeric antibody (26%), anti-CD20 chimeric 
antibody (35%) and anti-CD20 chimeric antibody (44%). 
Results of the Sugar chain analysis of each Sample are shown 
in FIG. 21. 

0718 2. Evaluation of Binding Activity to CD20-Ex 
pressing Cell Line (Immunofluorescent Method) 
0719. Binding activities of a total of five antibodies, 
including the 3 anti-CD20 chimeric antibodies having a 
different ratio of Sugar chain of antibody molecules to which 
an C.1,6-fucose-free Sugar chain is bound, prepared in item 
1 of Example 10, and KM3065 and RituxanTM whose Sugar 
chain analysis was carried out in Example 3 (referred to as 
“anti-CD20 chimericantibody (96%)” and “anti-CD20 chi 
meric antibody (6%)", respectively), were measured by the 
immunofluorescent method described in item 1 of Example 
2. As shown in FIG. 22, all of these antibodies showed 
almost the same binding activity to the CD20-positive Raji 
cell (JCRB9012) at an antibody concentration of 0.016 to 2 
tug/ml, and it was found that the ratio of Sugar chain of 
antibody molecules to which an C.1,6-fucose-free Sugar 
chain is bound does not have influence on the antigen 
binding activity of antibodies. 
0720 3. Evaluation of Cytotoxic Activity to CD20-Ex 
pressing Cell Line ('Cr Release Method) 
0721 The ADCC activity against a CD20-positive 
human B lymphoid cell line WL2-S (ATCC CRY 8885) was 
measured as follows using effector cells collected from a 
healthy donor A. 
0722 (1) Preparation of Target Cell Suspension 
0723. After 2x10" cells of the WIL2-S cell were prepared, 
the cells were isotope-labeled by adding 3.7 MBq equiva 
lents of a radioactive substance Naa' CrO and carrying out 
the reaction at 37 C. for 1 hour. After the reaction, the cells 
were washed three times by repeating their Suspension in 
PRM1640-FCS(10) medium and subsequent centrifuga 
tion, re-Suspended in the medium and then allowed to Stand 
at 4 C. for 30 minutes in ice for spontaneous dissociation 
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of the radioactive Substance. After centrifugation, the cells 
were adjusted to a density of 2x10 cells/ml by adding 10 ml 
of the medium and used as the target cell Suspension. 

0724 (2) Preparation of Human Effector Cell Suspension 

0725. After 50 ml of peripheral blood was collected from 
a health person, 0.5 ml of heparin Sodium (manufactured by 
Shimizu Pharmaceutical) was added thereto, followed by 
gently mixing. The mixture was centrifuged (800xg, 20 
minutes) using Lymphoprep (manufactured by AXIS 
SHIELD) in accordance with the manufacture's instructions 
attached thereto to Separate a mononuclear leukocyte layer. 
After Washing with a medium three times by centrifugation 
(1,400 rpm, 5 minutes), the cells were resuspended by using 
the medium to a density of 2x10 cells/ml and used as the 
human effector cell Suspension. 

0726 (3) Measurement of ADCC Activity 
0727 The target cell suspension prepared in (1) (50 ul) 
was dispensed into wells of a 96-well U-bottom plate 
(manufactured by Falcon) (1 cells/well). Next, 100 ul of the 
human effector cell Suspension prepared in (2) was dis 
pensed (2x10 cells/well, the ratio of human effector cells to 
target cells becomes 20:1). Subsequently, various anti-CD20 
chimeric antibodies having a different ratio of (C.1,6-fucose 
free Sugar chain group was bound were added thereto to give 
a respective final concentration of 0.001 to 1 lug/ml and then 
allowed to react at 37 C. for 4 hours. After the reaction, the 
plate was subjected to centrifugation and the amount of Cr 
in the Supernatant was measured using a Y-counter. The 
amount of the spontaneously released 'Cr was calculated 
by carrying out the same procedure using the medium alone 
instead of the human effector cell Suspension and antibody 
Solution and measuring amount of Cr in the Supernatant. 
The amount of the total released 'Cr was calculated by 
carrying out the same procedure by using 1 mol/l hydro 
chloric acid Solution instead of the antibody Solution and 
human effector cell Suspension and measuring amount of 
Cr in the supernatant. The cytotoxic activity (%) was 

calculated based on the following equation. 

Cytotoxic 
activity(%) 

Cr in sample supernatant-spontaneously released 'Cr 100 
X 

total released 51Cr - spontaneously released 51 Cr 

0728 FIG. 23 shows a result of the measurement of 
ADCC activity by using effector cells of a healthy donor A 
at various concentrations (from 0.001 to ug/ml) of the 
anti-CD20 chimeric antibodies having a different ratio of 
antibody molecules C1,6-fucose-free Sugar chain group. AS 
shown in FIG.23, the ADCC activity of anti-CD20 chimeric 
antibodies showed a tendency to increase at each antibody 
concentration, as the ratio of antibody molecules to which an 
C.1,6-fucose-free Sugar chain is bound increased. When the 
antibody concentration is low, the ADCC activity is 
decreased. At an antibody concentration of 0.01 lug/ml, 
antibodies having 26%, 35%, 44% and 96% of the C.1,6- 
fucose-not-bound Sugar chain showed almost the same high 
ADCC activity, but the antibody having 6% of the C.1,6- 
fucose-not-bound Sugar chain showed low ADCC activity. 
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0729 4. Evaluation of ADCC Activity to CD20-Express 
ing Cell Line (LDH Method) 
0730. The ADCC activity to Raji cell was evaluated by 
the LDH (lactate dehydrogenase) activity measuring method 
described in item 2 of Example 2 using effector cells 
collected from a healthy donor B. The ratio of the effector 
cell to the target cell was 20:1, the final antibody concen 
tration was 0.0001 to 1 tug/ml, the reaction was carried out 
at a total volume of 200 till at 37 C. for 4 hours, and then 
the measurement was carried out in accordance with the 
item 2 of Example 2. FIG. 24 shows a result of the 
measurement of ADCC activity using effector cells of a 
healthy donor B at various concentrations (from 0.0001 to 1 
ug/ml) of the anti-CD20 chimeric antibodies having a dif 
ferent ratio of antibody molecules to which an C.1,6-fucose 
free Sugar chain is bound. As shown in FIG. 24, the ADCC 
activity of anti-CD20 chimeric antibodies showed a ten 
dency to increase at each antibody concentration, as the ratio 
of antibody molecules to which an C.1,6-fucose-free Sugar 
chain is bound increased. When the antibody concentration 
is low, the ADCC activity is decreased. At an antibody 
concentration of 0.01 tug/ml, antibodies having 26%, 35%, 
44% and 96% of the C.1,6-fucose-not-bound Sugar chain 
showed high ADCC activity, but the antibody having 6% of 
the C.1,6-fucose-not-bound Sugar chain showed low ADCC 
activity. 

0731. The results of FIG. 23 and FIG. 24 show that the 
ADCC activity increases in response to the ratio of antibody 
molecules to which an C.1,6-fucose-free Sugar chain is 
bound and that an antibody composition having about 20% 
or more of the ratio of antibody molecules to which an 
C.1,6-fucose-free Sugar chain is bound has Sufficiently high 
ADCC activity, and the same results were obtained when the 
donor of human effector cells and the target cell was 
changed. 

EXAMPLE 11 

0732) Activity Evaluation of Anti-CD20 Chimeric Anti 
bodies Having a Different Ratio of Antibody Molecules to 
Which a Sugar Chain Having Bisecting GlcNAc is Bound: 
0733 (1) Separation of an Anti-CD20 Chimeric Antibody 
by Lectin Chromatography 
0734. By using a column immobilized with lectin which 
has the affinity for Sugar chains having bisecting GlcNAc, 
the anti-CD20 chimeric antibody KM3065 purified in item 
3 of Example 1 was separated. 
0735. A solution containing the purified anti-CD20 chi 
meric antibody KM3065 was applied to a lectin column 
(LA-PHA-E, 4.6x150 mm, manufactured by Hohnen 
Corp.). By using LC-6A manufactured by Shimadzu as the 
BPLC System, the lectin chromatography was carried out at 
a flow rate of 0.5 ml/min and at room temperature as the 
column temperature. The column was equilibrated with 50 
mM Tris-Sulfuric acid buffer (pH 8.0), and then a solution 
containing the purified KMO65 was injected and fluted by a 
linear gradient (35 minutes) of 0 M to 58 mM of potassium 
tetraborate (KBO-7, manufactured by Nakalai Tesque) in 
50 mM Tris-sulfuric acid buffer (pH 8.0). Thereafter, the 
potassium tetraborate concentration was kept at 100 mM for 
5 minutes, and then 50 mM Tris-Sulfuric acid buffer (pH 8.0) 
was further passed through the column for 20 minutes to 
thereby separate the anti-CD20 chimeric antibody KM3065 
into 4 fractions (fractions CD to (4) eluted during a period 
of 9 to 14 minutes, of 14 to 17 minutes, 17 to 22 minutes and 
22 to 34 minutes (FIG. 25). 
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0736 (2) Sugar Chain Analysis 
0737 Sugar chain analysis of the thus separated 4 frac 
tions (fractions c) to i) and the anti-CD20 chimericantibody 
KM3065 before separation was carried out by the method 
described in Example 3. The PA-modified Sugar chains were 
eluted during a period of 15 minutes to 45 minutes. When 
the ratio of the Sugar chain having bisecting GlcNAc based 
on the total of peak area of each PA-modified Sugar chain 
was calculated, the ratio of the Sugar chain in the anti-CD20 
chimeric antibody KM3065 before separation was 20%, 
whereas it was 0% in the fraction (1, 8% in the fraction (4), 
33% in the fraction (3) and 45% in the fraction (3) (FIG. 
26). The ratio of the antibody molecule to which an O. 1,6- 
fucose-free sugar chain was bound was the anti-CD20 
chimeric antibody KM3065 before separation: 96%, faction 
(): 93%, fraction (2): 94%, fraction (3): 92% and fraction 
3. 90%. Based on these results, it was confirmed that the 
ratio of antibody molecules to which an C.1,6-fucose-free 
Sugar chain was bound was almost uniform when calculated 
using a column immobilized with lectin which has the 
affinity for Sugar chains having bisecting GlcNAc, and that 
anti-CD20 chimeric antibodies having different ratio of 
antibody molecules to which a Sugar chain having bisecting 
GlcNAc is bound were prepared. 

0738 (3) Measurement of In Vitro Cytotoxic Activity 
(ADCC Activity) 

0739 Measurement of in vitro cytotoxic activity (ADCC 
activity) of the 4 fractions (fractions CD to (4) separated by 
lectin chromatography and the anti-CD20 chimeric antibody 
KM3065 before separation was carried out by the method 
described in item 2 of Example 2 (FIG. 27). As a result, the 
4 fractions Separated by lectin chromatography showed 
almost the same strength of ADCC activity as that of the 
anti-CD20 chimeric antibody KM3065 before separation. 
Since antibody molecules to which an C.1,6-fucose-free 
Sugar chain is bound have almost the same ratio of 90% to 
96% according to the results of the above item, it was 
considered that influences of the antibody molecules to 
which an C.1,6-fucose-free Sugar chain is bound on the 
ADCC activity are almost the same. Strength of the ADCC 
activity was not increased when the bisecting GlcNAc was 
further added to the antibody which has a high ratio of 
antibody molecule to which an O.1,6-fucose-free Sugar chain 
is bound and also has high ADCC activity. That is, it was 
found that the antibody having a high binding ratio of 
C.1,6-fucose-free Sugar chain has higher ADCC activity than 
the antibody having a high binding ratio of a Sugar chain 
having C.1,6-fucose, independent of the presence or absence 
of bisecting GlcNAc. 

0740. While the invention has been described in detail 
and with reference to specific embodiments thereof, it will 
be apparent to one skill in the art that various changes and 
modifications can be made therein without departing from 
the Spirit and Scope thereof. All references cited herein are 
incorporated in their entirety. 

0741. This application is based on Japanese application 
No. 2001-392753 filed on Dec. 25, 2001, No. 2002-106948 
filed on Apr. 9, 2002 and No. 2002-319975 filed on Nov. 1, 
2002, the entire contents of which are incorporated hereinto 
by reference. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 63 

<210> SEQ ID NO 1 
&2 11s LENGTH 2008 
&212> TYPE DNA 

<213> ORGANISM: Cricetulus griseus 

<400 SEQUENCE: 1 

aacagaaact 

tgagcticcga 

tggC gttgga 

catttggttc 

gcaaagctgg 

c gaataccag 

gaac agcttg 

Ctgggaaagg 

titttitt citac 

catgcagatg 

tactacctica 

acagagctgg 

agaaagctgg 

gtttactgct 

tggcgctato 

gacaggtotg 

gtggtoga gC 

gtaccagaag 

gtatcc cagt 

gaalaccacca 

gacaaagtgg 

gaacatttitc 

actgatgacc 

agtgataact 

Cgggg.cgtga 

tdatcc cagg 

gcaaactitcc 

attgcagttt 

atcattggtg 

ggaaaaacag 

ccitacatato 

gttcagacca 

tatttitcctg 

galagacagaa 

titatgctoat 

gagataatga 

agcgcttaaa 

aaggcc citat 

tta aggccala 

atcatgaaat 

aaagtgaatt 

aaattcttitt 

gtocaaacaga 

to cagoggag 

tatgtaatat 

tdatgattgc 

citactggagg 

gccitctocac 

tocccattgt 

accittgcaga 

ttgttcaaata 

agaagcttgg 

galacagaa.gc 

agcttctoga 

cittctttgtt 

citatttcttg 

toctaggatat 

totgtagggit 

attctittaga 

atccticacca 

tggctdgaaa 

gcc totaccc 

citgaagctga 

totcag coaa 

tgtggctaac 

gggagttgaa 

totttittgcc 

ccaccctgac 

acaacaaaat 

tgatcagggg 

agaacagatt 

cittaaggagg 

gaagaaatta 

ggatttagga 

tggag Caggit 

aataa.catat 

caacaaaggc 

titatggcacc 

atgggagact 

tggacactgg 

agacagocto 

togacticcitg 

cittgatcc.gt 

cittcaaacat 

agcctitccat 

acgcagaatg 

alaaggaggca 

gtoagctgga 

acactittctic 

tgctitatgaa 

tgacatctac 

accitcgaact 

ccattggaat 

titcc tacaaa. 

aaaatagaga 

gcagaag acc 

tagalaccaga 

actctgaaaa 

tgggggacct 

cattctagoa 

galagacittga 

acagotacag 

gaaaattaca 

aggattgaaa 

aagaaattag 

catcatgaaa 

gagtggCggg 

citgcagaatc 

tgtggctato 

cagogalacac 

gtgtttagac 

to aggtgaag 

catccitcgto 

agagticcatg 

ccaca accitt 

ccagttattg 

cc cattgagg 

aaagtggata 

aag acaaagt 

citacacalacc 

toccaggctg 

atcatgcaaa 

tattittggag 

aaagaggaaa 

ggittacticta 

gtcc.gagaga 

tggagtgtaa 

cagacitaa.ca 

gtacaatgtt 

tgcgggCatg 

tattgttitta 

gagaact citc 

ggagaatggC 

galaga.gtc.cg 

agaaacaa.gc 

atggagctaa 

aaggaaacga 

ggtotatcat 

aaaaagaa.gc 

ccaagg actg 

gatgtcaact 

tdatcttgga 

citgtaagtga 

tgaaggacaa 

citcct tactit 

gtgatcc to c 

ggctggaaag 

gag to catgt 

aatacatggit 

aaaaaag agt 

acticcaatta 

gatacacaga 

actitccttgt 

cactgcatcc 

gccaaaatgc 

tocccatgga 

aaggtgtcaa 

agatagaaac 

gagattaa.ca 

tatggttcat 

to caatticitt 

gactggttcc 

tataggtggit 

caag attctt 

tgagtctotc 

tgttittagaa 

taggaatgat 

agagctctgg 

acticcaaaga 

gacagatcta 

caaagatctg 

cagoaaag.cc 

ccatcatgtg 

atctoagaat 

gacatgcaca 

aaatgttcaa 

accottggct 

agtgtggtgg 

ggaaatagaa 

cagacgcact 

acacgttgaa 

gtatctggcc 

tgaatttatt 

aaattcactit 

gtgtacttitt 

tgatgccitct 

ccacaac cag 

acctggagat 

cagaaaacta 

agtcaaatac 

acagaattta 

tgacagacat 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

O20 

14 O 

200 

260 

320 

4 40 

5 OO 

560 

680 

740 

800 

860 

920 
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<400 SEQUENCE: 3 

totagaccag gCtggtotcg aactcacaga galaccaccitg cct cit gccac citgagtgctg 60 

ggattaaagg totgcaccac caccgc.ccgg cqtaaaatca tatttittgaa tattgttgata 120 

atttacatta taattgtaag taaaaattitt cagoctattt tattatacat ttittgcgtaa 18O 

attattottt tittgaaagtt ttgttgtcca taatagtcta gggaaacata aagttataat 240 

ttttgttctat gtatttgcat atatatotat ttaatctoct aatgtc.cagg aaataaatag 3OO 

gg tatgtaat agcttcaa.ca totgg tatga tagaatttitt cagtgctata taagttgtta 360 

cagdaaagtg ttattaattic atatgtc.cat atttcaattt tittatgaatt attaaattga 420 

atccittaagc tigccagaact agaattittat tittaatcagg aag coccaaa totgttcatt 480 

citttctatat atgtggaaag gtaggcctca citaactgatt cittcaccitgt tittagaacat 540 

ggtocaagaa toggagittatg taaggggaat tacaagtgtg agaaaac toc tagaaaacaa 600 

gatgagtctt gtgaccittag tittctittaaa aacacaaaat tcttggaatg tatttitcatg 660 

titcc toccag gtggatagga gtgagttt at titcagattat ttattacaac togctgttgt 720 

tacttgtttc tatgtctitta tagaaaaaca tatttitttitt gccacatgca gcttgtc.citt 78O 

atgattittat acttgttgttga citcttaactc. tcagagtata aattgttctga tigctatgaat 840 

aaagttggct attgtatgag actitcagocc acttcaatta ttggcttcat tctotcagat 9 OO 

cccaccacct coag agtggit aaacaactitg aaccattaaa cag actittag totttatttg 96.O 

aatgatagat ggggatatoa gatttatagg cacagggittt tdagaaaggg agaaggtaaa O2O 

cagtag agtt taacaacaac aaaaagtata citttgtaaac gtaaaactat ttattaaagt O8O 

agtag acaag acattaaata titccttggga ttagtgcttt ttgaattittg citttcaaata 14 O 

atagtcagtg agtatacccc toccc cattc tatattittag cagaaatcag aataaatggit 200 

gtttctggta cattcttittg tag agaattt attittctittg g gtttttgttg catttaaagt 260 

caataaaaat taaggttcag taatagaaaa aaaactotga tttittggaat coccitttctt 320 

cagottttct atttaatcto ttaatgataa tittaatttgt ggccatgtgg toaaagtata 38O 

tagccttgta tatgtaaatg ttittaaccaa cct gcctitta cagtaactat ataattittat 4 40 

totataatat atgacttittc titccatagot ttagagttgc ccagtcactt taagttacat 5 OO 

tittcatatat gttctttgttg g gaggagata attittatttc taagagaatc ctaag catac 560 

tgattgagaa atggcaaaca aaa.ca cataa ttaaagctga taaagaacga acatttggag 62O 

tittaaaatac atagocacco taagg gttta actgttgtta gccttcttitt ggaatttitta 680 

ttagttcata tagaaaaatg gattittatcg tdacatttcc atatatgtat ataatatatt 740 

tacatcatat coacctgtaa ttattagtgt ttittaaatat atttgaaaaa ataatggtot 800 

ggitttgatcc atttgaacct tittgatgttt gotgtggttg cca attggitt gatggittatg 860 

atalacctttg cittctotaag gttcaagttca gtttgagaat atgtc.cticta aaaatgacag 920 

gttgcaagtt aagtag toag atgacagoga gatggagtga tigaga atttg tagaaatgaa 98O 

ttcacttata citgagaactt gttittgcttt tagataatga acatattagc ctgaagtaca 20 40 

tag.ccgaatt gattaattat tcaaagatat aatcttittaa toccitataaa agagg tatta 2100 

cacaacaatt caagaaagat agaattagac titccagtatt goagtgaacc atttgttatc 216 O 

aggtagalacc ctaacgtgtg togttgacitt aaagttgttta citttittacct gatactgggit 2220 



US 2004/0093621 A1 May 13, 2004 
51 

-continued 

agctaattgt citttcago: ct cotggccaaa gataccatga aagttcaactt acgttgtatt 228O 

citatat citca aacaactcag g g totttctt actictitt.cca cagoatgtag agcc.caggaa 234. O 

gcacaggaca agaaagctgc citccttgtat caccaggaag atcttitttgt aagagtcatc 24 OO 

acagtataccagagagacita attttgttctgaag catcato tdttgaaa.ca acagaaactt 2460 

atttitcct gt gtggctaact agaaccagag tacaatgttt coaattctitt gag citcc gag 252O 

aagacagaag g gagttgaaa citctgaaaat gcggg catgg actggttcct gg.cgttggat 258O 

tatgctcatt citttittgcct g g g g g accitt attgtttitat ataggtgg to atttggttcg 264 O 

agataatgac caccct gacc attctagoag agaactcitcc aagattcttg caaagctgga 27 OO 

gcqcttaaaa caacaaaatg aag acttgag gagaatggct gag totcitcc gg taggtttg 276 O. 

aaatacticaa goatttgatgaaatactgtg cittgacctitt aggtataggg totcagtctg 282O 

citgttgaaaa atataattitc tacaaaccgt citttgtaaaa ttittaagtat tigtag cagac 2880 

tttittaaaag toagtgatac atctatatag toaatatagg tttacatagt td caatctta 2.940 

ttittgcatat gaatcagtat atagaag cag togg catttat atgctitatgttgcatttaca 3OOO 

attatgttta gacgaacaca aactittatgt gatttggatt agtgctoatt aaattitttitt 3060 

attctatgga citacaacaga gacataaatt ttgaaaggct tagttacitct taaattctta 312 O 

tgatgaaaag caaaaattica ttgttaaata galacagtgca toc ggaatgt gggtaattat 318O 

tgccatattt citagtctact aaaaattgttg gcataactgttcaaagttcat cagttgtttg 324 O 

gaaag.ccaaa gtctgattta aatggaaaac ataaacaatg atatotattt citagatacct 3300 

ttaacttgca gttactgagt ttacaagttg totgacaact ttggattcto ttactitcata 3360 

totaagaatg atcatgtgta cagtgcttac totcactitta aaaaact go a gggctagaca 342O 

tgcagatatg aag actittga cattagatgt ggtaattggc actaccagoa agtgg tatta 3480 

agatacagot gaatat atta citttittgagg alacataattic atgaatggala agtggag cat 354. O 

tagagaggat gccttctggc tictoccacac cactgtttgc atccattgcatttcacactg 3600 

cittittagaac toagatgttt catatggitat attgttgtaac toaccatcag titttatctitt 3660 

aaatgtctat ggatgataat gttgtatgtt aac acttitta caaaaacaaa toaa.gc.cata 372 O 

to citcggtgt gagttgttgat ggtggtaatt gttcacaatag gattattoag caaggaacta 378 O. 

agtcagggiac aagaagtggg cq atactttgttggattaaa to attitt act ggaagttcat 384 O 

cagg gagggit tatgaaagtt gtggtotttgaactgaaatt atatgtgatt cattattott 39 OO 

gatttaggcc ttgctaatag taactato at ttattgg gaa tttgtcatat gtgccaatitt 396 O 

gtocatgggcc agacagogtg titt tactgaa tttctagata totttat gag attctagtac 4020 

tgttittcago cattttacag atgaagaatc ttaaaaaatg ttaaataatt tagtttgccc 408 O 

aagattatac gttaacaaat ggtagaacct tctittgaatt citggcagtat ggctacacag 414 O 

to cqaactict tat citt.ccita agctdaaaac agaaaaag.ca atgac coaga aaattittatt 4200 

taaaagttcto aggagagact tcc catcctg agaag atcto tttitcccttt tataatttag 4260 

gctoctdaat aatcactgaattittctocat gttccatcta tag tactgtt atttctgttt 4320 

toctitttittc ttaccacaaa gitatcttgtt tittgctgitat gaaagaaaat gtgttattgt 4.380 

aatgttgaaat totctgtc.cc toc agggtcc cacatcc.gcc toaatcc caa ataaacacac 4 440 

agaggctgta ttaattatga aactgttggit cagttggcta gggcttctta ttggctagot 4500 
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citgtcttaat tattaaacca taactact at tigtaagtatt tocatgttggit cittatcttac 45 60 

caaggaaagg gtc.cagggiac citcttacticc totgg.cgtgttgg cagtgaa gaggaga gag 462O 

cgattitccita tttgttctotg cittattittct gattctgcto agctatgtca cittcctgcct 4680 

ggccaatcag ccaatcagtg ttittatto at tagcc-aataa aagaalacatt tacacagaag 474. O 

gactitccccc atcatgttat ttgitatgagt tottcagaaa atcatagitat cittittaatac 4800 

taatttittat aaaaaattaa ttgtattgaa aattatgttgt atatgtgtct gtgttgtcgat 4860 

ttgtgcto at aagtag catg gag to cagaa gagggaatca gatcttttitt taagg gacaa 4920 

agagtttatt cagattacat tttalaggtga taatgtatga ttgcaaggitt atcaa.catgg 4.980 

cagaaatgtg aagaagctgg to acattaca to cagagtca agagtagaga gcaatgaatt 5040 

gatgcatgca titcctgtgct cagotcactt titcctggagc tigagctgatt gtaagccatc 51OO 

tgatgtc.ttt gctgggaact aactcaaagg caagttcaaa acctgttctt aagtataagc 5 160 

catctotcca gtc.cctcata togtotctta agacacttitc tittatattot totacataga 5220 

aattgaattic ctaacaactg. cattcaaatt acaaaatagt ttittaaaagc tigatataata 528 O 

aatgitaaata caatctagaa catttittata aataag cata ttaactcagt aaaaataaat 5340 

gcatggittat tittccttcat tagggaagta tdtctoccoa ggctgttcto tag attctac 5 400 

tagtaatgct gtttgtacac catccacagg ggttittattt taaagctaag acatgaatga 546 O 

tggacatgct tottagcatt tag actttitt toctitacitat aattgagcta gtattitttgt 552O 

gctcagtttg atatotgtta attcagataa atgtaatagt aggtaattitc tttgttgataa 5580 

agg catataa attgaagttg gaaaacaaaa goctogaaatg acagtttitta agattcagaa 5640 

caataattitt caaaag cagt taccoaactt tocaaataca atctgcagtt ttcttgatat 5700 

gtgataaatt tag acaaaga aatagdacat tittaaaatag citatttactic ttgattittitt 576 O. 

tittcaaattt aggctagttc act agttgttg totaaggitta togctgcaaa catctittgac 582O 

tottggittag ggaatcCagg atgatttacg tdtttggcca aaatcttgtt coattctggg 588 O 

tittcttctict atctaggtag citagcacaag ttaaaggtgt ggtag tattg gaaggct citc 594 O 

aggtatatat ttctatatto tdtatttittt toctotgtca tatatttgct ttctgttitta 6 OOO 

ttgatttcta citgttagttt gatactitact ttcttacact ttctittggga tittattittgc 6060 

tgttctaaga tittcttagca agttcatato actgattitta acagttgctt cittttgtaat 61.20 

atagacitgaa toccc.cittat ttgaaatgct toggatcaga aacto agatt togaacttittc 618O 

ttttittaata tittccatcaa gtttaccago togaatgtcct gatccaagaa tatgaaatct 624 O 

gaaatgctitt gaaatctgaa acttittagag tdataaagct tcc ctittaaa ttaatttgtg 6300 

ttctatattt tittgacaatg tdaaccttitc attgttatcc aatgagtgaa catatttitca 6360 

atttittttgt ttgatctgtt atattittgat citgaccatat ttataaaatt ttatttaatt 642O 

tgaatgttgt gctgttacitt atctittatta ttatttittgc titattittcta gccaaatgaa 64.80 

attatattot gtattattitt agtttgaatt ttactttgttg gottagtaac taccttttgt 654. O 

tggtgaatgc titaagaaaaa cqtgtggtot actgatattg gttctaatct tatatagoat 6600 

gttgtttgtt agg tagttga titatgctggit cagattgtct to agitttatgcaaatgtaaa 6660 

atatttagat gcttgttttgttgttctaaga acaaagtatg cittgctgtct cotatoggtt 672O 

citggitttittc cattcatcto ttcaagctgt tttgttgttgtt gaatactaac toc gtactat 678 O. 
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cittgttittct gtgaattaac coctitttcaa aggtttcttt totttitttitt tittaagg gac 6840 

aacaagttta titcagattac attittaagct gataatgitat gattgcaagg ttatcaacat 69 OO 

ggcagaaatg tdaagaagct agg cacatta catccacatg gag to aa gag cagagag cag 696 O 

tgaattaatg catgcattcc tdtggtoagc ticacttittcc tattottaga tag totagga 7 O2O 

toataa acct g g g gaatagt gctaccacaa togg catato cacttactitc agttcatgca 708O 

atcaiaccalag gCacatccac aggaaaaact gatttagaca accitctoatt gagacitcttic 714. O 

ccagatgatt agacitgtgtc. aagttgacaa ttaaaactat cacacctgaa gocatcacta 72OO 

gtaaatataa tdaaaatgtt gattatcaccataattcatc totatoccitt tattattgta 726 O 

gattttgttga agttcc tatt caagttccctg titcctitcctt aaaaacctgt tttittagtta 732O 

aataggittitt ttagtgttcc tdtctgtaaa tacttittitta aagttagata ttattittcaa 738O 

gtatgttcto coagtctittg gcttgtattt to atcccttcaatacatata tittttgtaat 440 

ttatttittitt tatttaaatt agaaacaaag citgcttittac atgtcagtct cagttcc citc 7500 

toccitcccct cotcccctg.c tocco accita agcc.ccaatt coaactcctt tottctoccc 756 O 

aggaagggtg aggcc.citcca togggggaaat cittcaatgtc. totcatato a tittggag cag 762O 

ggcc tag acc citc.cccagtg tdtctaggct gagagagtat coctotatgt ggagagggct 768O 

cc caaagttc atttgttgtac taggggtaaa tactgatcca citatcagtgg ccc catagat 774. O 

tgtc.cggacc toccaaactga cittcc toccitt cagggagtct ggaac agttc tatgctggitt 7800 

toccagatat cagtctgggg to catgagca accccttgtt caggtoagitt gtttctgtag 7860 

gttitccccag cocggtottg accoctittgc ticatcactitc. tcc citctotg caactggatt 7920 

ccagagttca gcticagtgtt tagctgtggg totctgcatc toctitccatc agctactgga 798O 

tgagggctict aggatggcat ataagg tagt catcagt citc attatcagag aagggcttitt 804. O 

aaggtagcct cittgattatt gcttagattg ttagttgggg to aaccttgt aggtotctgg 8100 

acagtgacag aattctottt aaacctataa taggctcc citc tdtggtggta toccittittct 81 60 

tgctcitcatc cqttccitccc citgacitagat cittcctgcto cotcatgtcc toctotcccc 8220 

tocc ctitcto cocttctott tottctaact coctotcccc toccaccoacg atccccatta 828O 

gctitatgaga tottgtccitt attittagcaa aacctttittg gotataaaat taattaattit 8340 

aatatgctta tatcaggttt attittggcta gtatttgtat gtgtttggitt agtgtttitta 84 OO 

accittaattg acatgitatcc titatatttag acacagattit aaatatttga agtttitttitt 84 60 

tttitttittitt ttaaag attt atttatttitt tatgtcttct gcctgcatgc cagaagaggg 852O 

caccagat.ct cattcaaggt ggttgtgagc caccatotgg ttgctgggaa ttgaacticag 858O 

gaccitctgga agaacagtica gtgct cittaa cc.gctgagcc atctotccag ccc.ctgaagt 864. O 

gtttcttitta aag aggatag cagtgcatca tttittccctt to accaatga citcctacctt 87 OO 

actgaattgt tittagccatt tatatgtaat gctgttacca ggtttacatt ttcttittatc 876O 

ttgctaaatt tottcc ctgt ttgttctoatc. tcttatttitt gtctgttgga ttatataggc 882O 

ttittatttitt citgtttittac agtaagttat atcaaattaa aattattitta taggaatgggit 888O 

gtgttgacta catgitatgtc. totgcaccat gtgct gacct ggtottggcc agaagaaggt 894 O 

gtoatattot citgaaactgg tattgttggat gttacgaact gccatagggit gctaggaatc 9 OOO 

aaacco cago to citctggaa aag cagocac toc totgagc cactgagtoc totcittcaag 9 O60 



US 2004/0093621 A1 May 13, 2004 
54 

-continued 

caggtgatgc caacttittaa togttaccag toggataagag togcttgtatic totagcaccc 912 O 

atgaaaattt atgcattgct atatgggctt gtcactitcag cattgttgtga cagagacagg 918O 

aggatc.ccaa gag citc 91.96 

<210> SEQ ID NO 4 
&2 11s LENGTH 297 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 4 

Met Thr Thr Pro Arg Asn Ser Val Asin Gly Thr Phe Pro Ala Glu Pro 
1 5 10 15 

Met Lys Gly Pro Ile Ala Met Glin Ser Gly Pro Lys Pro Leu Phe Arg 
2O 25 30 

Arg Met Ser Ser Leu Val Gly Pro Thr Glin Ser Phe Phe Met Arg Glu 
35 40 45 

Ser Lys Thr Leu Gly Ala Val Glin Ile Met Asn Gly Leu Phe His Ile 
5 O 55 60 

Ala Leu Gly Gly Lieu Lleu Met Ile Pro Ala Gly Ile Tyr Ala Pro Ile 
65 70 75 8O 

Cys Val Thr Val Trp Tyr Pro Leu Trp Gly Gly Ile Met Tyr Ile Ile 
85 90 95 

Ser Gly Ser Lieu Lleu Ala Ala Thr Glu Lys Asn. Ser Arg Lys Cys Lieu 
100 105 110 

Wall Lys Gly Lys Met Ile Met Asn. Ser Lieu Ser Lieu Phe Ala Ala Ile 
115 120 125 

Ser Gly Met Ile Leu Ser Ile Met Asp Ile Lieu. Asn. Ile Lys Ile Ser 
130 135 1 4 0 

His Phe Leu Lys Met Glu Ser Leu Asin Phe Ile Arg Ala His Thr Pro 
145 15 O 155 160 

Tyr Ile Asn. Ile Tyr Asn. Cys Glu Pro Ala Asn. Pro Ser Glu Lys Asn 
1.65 170 175 

Ser Pro Ser Thr Glin Tyr Cys Tyr Ser Ile Glin Ser Leu Phe Leu Gly 
18O 185 190 

Ile Leu Ser Wal Met Lieu. Ile Phe Ala Phe Phe Glin Glu Lieu Wall Ile 
195 200 2O5 

Ala Gly Ile Val Glu Asn. Glu Trp Lys Arg Thr Cys Ser Arg Pro Lys 
210 215 220 

Ser Asn. Ile Val Lieu Lleu Ser Ala Glu Glu Lys Lys Glu Glin Thir Ile 
225 230 235 240 

Glu Ile Lys Glu Glu Val Val Gly Leu Thr Glu Thir Ser Ser Glin Pro 
245 250 255 

Lys Asn. Glu Glu Asp Ile Glu Ile Ile Pro Ile Glin Glu Glu Glu Glu 
260 265 27 O 

Glu Glu Thr Glu Thr Asn Phe Pro Glu Pro Pro Gln Asp Glin Glu Ser 
275 280 285 

Ser Pro Ile Glu Asn Asp Ser Ser Pro 
29 O 295 

<210 SEQ ID NO 5 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 
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<400 SEQUENCE: 5 

Arg Ala Ser Ser Ser Val Ser Tyr Ile His 
1 5 10 

<210> SEQ ID NO 6 
&2 11s LENGTH 7 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 6 

Ala Thir Ser Asn Lieu Ala Ser 
1 5 

<210 SEQ ID NO 7 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 7 

Gln Glin Trp Thr Ser Asn Pro Pro Thr 
1 5 

<210 SEQ ID NO 8 
&2 11s LENGTH 5 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400s. SEQUENCE: 8 

Ser Tyr Asn Met His 
1 

<210 SEQ ID NO 9 
&2 11s LENGTH 17 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 9 

Ala Ile Tyr Pro Gly Asn Gly Asp Thir Ser Tyr Asn Gln Lys Phe Lys 
1 5 10 15 

Gly 

<210> SEQ ID NO 10 
<211& LENGTH: 12 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 10 

Ser Thr Tyr Tyr Gly Gly Asp Trp Tyr Phe Asn Val 
1 5 10 

<210> SEQ ID NO 11 
&2 11s LENGTH 384 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 11 

atg gat titt cag gtg cag att atc agc titc ctd cita atc agit gct tca 48 
Met Asp Phe Glin Val Glin Ile Ile Ser Phe Leu Leu Ile Ser Ala Ser 

1 5 10 15 

gto ata at g to c aga gga caa att gtt citc. tcc cag tot coa gca atc 96 
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Val Ile Met Ser Arg Gly Glin Ile Val Leu Ser Glin Ser Pro Ala Ile 
2O 25 30 

citg tot gca tot coa ggg gag aag gtc aca atg act toc agg gcc agc 144 
Leu Ser Ala Ser Pro Gly Glu Lys Val Thr Met Thr Cys Arg Ala Ser 

35 40 45 

toa agt gta agt tac atc. cac togg titc cag cag aag cca gga toc to c 192 
Ser Ser Val Ser Tyr Ile His Trp Phe Glin Gln Lys Pro Gly Ser Ser 

5 O 55 60 

ccc aaa coc togg att tat gcc aca toc aac citg got tot gga gtc. cct 240 
Pro Llys Pro Trp Ile Tyr Ala Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 8O 

gtt cqc titc agt ggc agt ggg tot ggg act tct tac tot citc acc atc 288 
Val Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thir Ile 

85 90 95 

agc aga gtg gag got gaa gat gct gcc act tat tac toc cag cag togg 336 
Ser Arg Val Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Glin Glin Trp 

100 105 110 

act agt aac coa ccc acg titc gga gg g g g g acc aag citg gala atc aaa. 384 
Thr Ser Asn Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys 

115 120 125 

<210> SEQ ID NO 12 
&2 11s LENGTH 128 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 12 

Met Asp Phe Glin Val Glin Ile Ile Ser Phe Leu Leu Ile Ser Ala Ser 
1 5 10 15 

Val Ile Met Ser Arg Gly Glin Ile Val Leu Ser Glin Ser Pro Ala Ile 
2O 25 30 

Leu Ser Ala Ser Pro Gly Glu Lys Val Thr Met Thr Cys Arg Ala Ser 
35 40 45 

Ser Ser Val Ser Tyr Ile His Trp Phe Glin Gln Lys Pro Gly Ser Ser 
5 O 55 60 

Pro Llys Pro Trp Ile Tyr Ala Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 8O 

Val Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thir Ile 
85 90 95 

Ser Arg Val Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Glin Glin Trp 
100 105 110 

Thr Ser Asn Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys 
115 120 125 

<210> SEQ ID NO 13 
<211& LENGTH 420 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 13 

atg ggt togg agc citc atc ttg ctic titc citt gttc gct gtt got acg cqt 48 
Met Gly Trp Ser Leu Ile Leu Leu Phe Leu Val Ala Val Ala Thr Arg 

1 5 10 15 

gto: ct g to c cag gta caa citg cag cag cot ggg gct gag citg gtg aag 96 
Val Lieu Ser Glin Val Glin Leu Glin Glin Pro Gly Ala Glu Lieu Val Lys 

2O 25 30 

cct ggg gcc to a gtg aag atg toc toc aag gCt tot goc tac aca titt 144 
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Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe 
35 40 45 

acc agt tac aat atg cac tog gta aaa cag aca cct ggit cqg ggc citg 192 
Thr Ser Tyr Asn Met His Trp Val Lys Glin Thr Pro Gly Arg Gly Leu 

5 O 55 60 

gala togg att gga gct att tat coc gga aat ggit gat act tcc tac aat 240 
Glu Trp Ile Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thir Ser Tyr Asn 
65 70 75 8O 

cag aag titc aaa goc aag gCo aca ttg act gca gac aaa toc toc agc 288 
Glin Lys Phe Lys Gly Lys Ala Thr Lieu. Thir Ala Asp Lys Ser Ser Ser 

85 90 95 

aca gCC tac at g cag citc agc agc citg aca tot gag gac tot gc g g to 336 
Thr Ala Tyr Met Gln Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val 

100 105 110 

tat tac tot goa aga. tcg act tac tac ggc ggit gac tog tac titc aat 384 
Tyr Tyr Cys Ala Arg Ser Thr Tyr Tyr Gly Gly Asp Trp Tyr Phe Asn 

115 120 125 

gto to g g g c goa ggg acc acg gtc. acc gtc. tct gca 420 
Val Trp Gly Ala Gly Thr Thr Val Thr Val Ser Ala 

130 135 1 4 0 

<210> SEQ ID NO 14 
<211& LENGTH: 140 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 14 

Met Gly Trp Ser Leu Ile Leu Leu Phe Leu Val Ala Val Ala Thr Arg 
1 5 10 15 

Val Lieu Ser Glin Val Glin Leu Glin Glin Pro Gly Ala Glu Lieu Val Lys 
2O 25 30 

Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe 
35 40 45 

Thr Ser Tyr Asn Met His Trp Val Lys Glin Thr Pro Gly Arg Gly Leu 
5 O 55 60 

Glu Trp Ile Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thir Ser Tyr Asn 
65 70 75 8O 

Glin Lys Phe Lys Gly Lys Ala Thr Lieu. Thir Ala Asp Lys Ser Ser Ser 
85 90 95 

Thr Ala Tyr Met Gln Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val 
100 105 110 

Tyr Tyr Cys Ala Arg Ser Thr Tyr Tyr Gly Gly Asp Trp Tyr Phe Asn 
115 120 125 

Val Trp Gly Ala Gly Thr Thr Val Thr Val Ser Ala 
130 135 1 4 0 

<210 SEQ ID NO 15 
&2 11s LENGTH 91. 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 15 

caggaalacag citatgacgaa titcgc.citcct caaaatggat titt caggtgc agattatcag 60 

cittcctgcta atcagtgctt cagtcataat g 91 

<210> SEQ ID NO 16 
&2 11s LENGTH 91. 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 
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DNA 

<400 SEQUENCE: 16 

gtgaccttct coccitggaga tigcagacagg attgctd gag actgg gagag aacaatttgt 60 

ccitctggaca ttatgact ga agc actdatt a 91 

<210 SEQ ID NO 17 
&2 11s LENGTH 90 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 17 

citcCagggga galaggtoaca atgacittgca gggcc agcto aagtgtaagt tacatcc act 60 

ggttccagoa gaa.gc.cagga toc toccc.ca 9 O 

<210> SEQ ID NO 18 
&2 11s LENGTH 89 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 18 

ccagacccac toccactgaa gogalacaggg acticcagaag ccaggttgga tigtgg cataa 60 

atcCagggitt togggggagga toctogctt 89 

<210 SEQ ID NO 19 
&2 11s LENGTH 91. 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 19 

toagtggcag toggtotggg acttcttact citctoac cat cagoaga.gtg gaggctgaag 60 

atgctgccac ttattact gc cagoagtgga c 91 

<210> SEQ ID NO 20 
&2 11s LENGTH 90 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 20 

gtttitcc.cag to acgaccgt acgtttgatt to cagottgg tocco cotcc galacgtgggit 60 

gggittactag to cactgctg. gcagtaataa 9 O 

<210> SEQ ID NO 21 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 



US 2004/0093621 A1 May 13, 2004 
59 

-continued 

DNA 

<400 SEQUENCE: 21 

gtotgaag.ca ttatgtgttg aagc 24 

<210> SEQ ID NO 22 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 22 

gtgagtacat to attgtact gtg 23 

<210> SEQ ID NO 23 
&2 11s LENGTH 575 
&212> TYPE PRT 

<213> ORGANISM: Cricetulus griseus 

<400 SEQUENCE: 23 

Met Arg Ala Trp Thr Gly Ser Trp Arg Trp Ile Met Leu Ile Leu Phe 
1 5 10 15 

Ala Trp Gly Thr Lieu Lleu Phe Tyr Ile Gly Gly His Leu Val Arg Asp 
2O 25 30 

Asn Asp His Pro Asp His Ser Ser Arg Glu Lieu Ser Lys Ile Leu Ala 
35 40 45 

Lys Lieu Glu Arg Lieu Lys Glin Glin Asn. Glu Asp Leu Arg Arg Met Ala 
5 O 55 60 

Glu Ser Leu Arg Ile Pro Glu Gly Pro Ile Asp Gln Gly Thr Ala Thr 
65 70 75 8O 

Gly Arg Val Arg Val Lieu Glu Glu Gln Leu Val Lys Ala Lys Glu Glin 
85 90 95 

Ile Glu Asn Tyr Lys Lys Glin Ala Arg Asn Asp Leu Gly Lys Asp His 
100 105 110 

Glu Ile Leu Arg Arg Arg Ile Glu Asn Gly Ala Lys Glu Lieu Trp Phe 
115 120 125 

Phe Leu Glin Ser Glu Lieu Lys Lys Lieu Lys Lys Lieu Glu Gly Asn. Glu 
130 135 1 4 0 

Leu Glin Arg His Ala Asp Glu Ile Leu Lieu. Asp Leu Gly His His Glu 
145 15 O 155 160 

Arg Ser Ile Met Thr Asp Leu Tyr Tyr Lieu Ser Glin Thr Asp Gly Ala 
1.65 170 175 

Gly Glu Trp Arg Glu Lys Glu Ala Lys Asp Lieu. Thr Glu Lieu Val Glin 
18O 185 190 

Arg Arg Ile Thr Tyr Lieu Glin Asn Pro Lys Asp Cys Ser Lys Ala Arg 
195 200 2O5 

Lys Lieu Val Cys Asn. Ile Asn Lys Gly Cys Gly Tyr Gly Cys Glin Lieu 
210 215 220 

His His Val Val Tyr Cys Phe Met Ile Ala Tyr Gly Thr Glin Arg Thr 
225 230 235 240 

Lieu. Ile Leu Glu Ser Glin Asn Trp Arg Tyr Ala Thr Gly Gly Trp Glu 
245 250 255 

Thr Val Phe Arg Pro Val Ser Glu Thr Cys Thr Asp Arg Ser Gly Leu 
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260 265 27 O 

Ser Thr Gly His Trp Ser Gly Glu Val Lys Asp Lys Asn Val Glin Val 
275 280 285 

Val Glu Leu Pro Ile Val Asp Ser Leu. His Pro Arg Pro Pro Tyr Leu 
29 O 295 3OO 

Pro Leu Ala Val Pro Glu Asp Leu Ala Asp Arg Lieu Lleu Arg Val His 
305 310 315 320 

Gly Asp Pro Ala Val Trp Trp Val Ser Glin Phe Val Lys Tyr Leu Ile 
325 330 335 

Arg Pro Glin Pro Trp Lieu Glu Arg Glu Ile Glu Glu Thir Thr Lys Lys 
340 345 350 

Leu Gly Phe Lys His Pro Val Ile Gly Val His Val Arg Arg Thr Asp 
355 360 365 

Lys Val Gly Thr Glu Ala Ala Phe His Pro Ile Glu Glu Tyr Met Val 
370 375 38O 

His Val Glu Glu His Phe Glin Leu Lieu Glu Arg Arg Met Lys Val Asp 
385 390 395 400 

Lys Lys Arg Val Tyr Lieu Ala Thr Asp Asp Pro Ser Lieu Lleu Lys Glu 
405 410 415 

Ala Lys Thr Lys Tyr Ser Asn Tyr Glu Phe Ile Ser Asp Asn. Ser Ile 
420 425 430 

Ser Trp Ser Ala Gly Lieu. His Asn Arg Tyr Thr Glu Asn. Ser Lieu Arg 
435 4 40 4 45 

Gly Val Ile Leu Asp Ile His Phe Leu Ser Glin Ala Asp Phe Lieu Val 
450 455 460 

Cys Thr Phe Ser Ser Glin Val Cys Arg Val Ala Tyr Glu Ile Met Glin 
465 470 475 480 

Thr Lieu. His Pro Asp Ala Ser Ala Asn. Phe His Ser Lieu. Asp Asp Ile 
485 490 495 

Tyr Tyr Phe Gly Gly Glin Asn Ala His Asn Glin Ile Ala Val Tyr Pro 
5 OO 505 510 

His Glin Pro Arg Thr Lys Glu Glu Ile Pro Met Glu Pro Gly Asp Ile 
515 52O 525 

Ile Gly Val Ala Gly Asn His Trp Asin Gly Tyr Ser Lys Gly Val Asn 
530 535 540 

Arg Lys Lieu Gly Lys Thr Gly Lieu. Tyr Pro Ser Tyr Lys Wall Arg Glu 
545 550 555 560 

Lys Ile Glu Thr Val Lys Tyr Pro Thr Tyr Pro Glu Ala Glu Lys 
565 570 575 

<210> SEQ ID NO 24 
&2 11s LENGTH 575 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 24 

Met Arg Ala Trp Thr Gly Ser Trp Arg Trp Ile Met Leu Ile Leu Phe 
1 5 10 15 

Ala Trp Gly Thr Lieu Lleu Phe Tyr Ile Gly Gly His Leu Val Arg Asp 
2O 25 30 

Asn Asp His Pro Asp His Ser Ser Arg Glu Lieu Ser Lys Ile Leu Ala 
35 40 45 
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Lys Lieu Glu Arg Lieu Lys Glin Glin Asn. Glu Asp Leu Arg Arg Met Ala 
5 O 55 60 

Glu Ser Leu Arg Ile Pro Glu Gly Pro Ile Asp Gln Gly Thr Ala Thr 
65 70 75 8O 

Gly Arg Val Arg Val Lieu Glu Glu Gln Leu Val Lys Ala Lys Glu Glin 
85 90 95 

Ile Glu Asn Tyr Lys Lys Glin Ala Arg Asn Gly Lieu Gly Lys Asp His 
100 105 110 

Glu Ile Leu Arg Arg Arg Ile Glu Asn Gly Ala Lys Glu Lieu Trp Phe 
115 120 125 

Phe Leu Glin Ser Glu Lieu Lys Lys Lieu Lys His Leu Glu Gly Asn. Glu 
130 135 1 4 0 

Leu Glin Arg His Ala Asp Glu Ile Leu Lieu. Asp Leu Gly His His Glu 
145 15 O 155 160 

Arg Ser Ile Met Thr Asp Leu Tyr Tyr Lieu Ser Glin Thr Asp Gly Ala 
1.65 170 175 

Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Lieu. Thr Glu Lieu Val Glin 
18O 185 190 

Arg Arg Ile Thr Tyr Lieu Glin Asn Pro Lys Asp Cys Ser Lys Ala Arg 
195 200 2O5 

Lys Lieu Val Cys Asn. Ile Asn Lys Gly Cys Gly Tyr Gly Cys Glin Lieu 
210 215 220 

His His Val Val Tyr Cys Phe Met Ile Ala Tyr Gly Thr Glin Arg Thr 
225 230 235 240 

Lieu. Ile Leu Glu Ser Glin Asn Trp Arg Tyr Ala Thr Gly Gly Trp Glu 
245 250 255 

Thr Val Phe Arg Pro Val Ser Glu Thr Cys Thr Asp Arg Ser Gly Leu 
260 265 27 O 

Ser Thr Gly. His Trp Ser Gly Glu Val Asn Asp Lys Asn. Ile Glin Val 
275 280 285 

Val Glu Leu Pro Ile Val Asp Ser Leu. His Pro Arg Pro Pro Tyr Leu 
29 O 295 3OO 

Pro Leu Ala Val Pro Glu Asp Leu Ala Asp Arg Lieu Lleu Arg Val His 
305 310 315 320 

Gly Asp Pro Ala Val Trp Trp Val Ser Glin Phe Val Lys Tyr Leu Ile 
325 330 335 

Arg Pro Glin Pro Trp Lieu Glu Lys Glu Ile Glu Glu Ala Thr Lys Lys 
340 345 350 

Leu Gly Phe Lys His Pro Val Ile Gly Val His Val Arg Arg Thr Asp 
355 360 365 

Lys Val Gly Thr Glu Ala Ala Phe His Pro Ile Glu Glu Tyr Met Val 
370 375 38O 

His Val Glu Glu His Phe Glin Leu Lieu Ala Arg Arg Met Glin Val Asp 
385 390 395 400 

Lys Lys Arg Val Tyr Lieu Ala Thr Asp Asp Pro Thr Lieu Lleu Lys Glu 
405 410 415 

Ala Lys Thr Lys Tyr Ser Asn Tyr Glu Phe Ile Ser Asp Asn. Ser Ile 
420 425 430 

Ser Trp Ser Ala Gly Lieu. His Asn Arg Tyr Thr Glu Asn. Ser Lieu Arg 
435 4 40 4 45 

Gly Val Ile Leu Asp Ile His Phe Leu Ser Glin Ala Asp Phe Lieu Val 
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450 455 460 

Cys Thr Phe Ser Ser Glin Val Cys Arg Val Ala Tyr Glu Ile Met Glin 
465 470 475 480 

Thr Lieu. His Pro Asp Ala Ser Ala Asn. Phe His Ser Lieu. Asp Asp Ile 
485 490 495 

Tyr Tyr Phe Gly Gly Glin Asn Ala His Asn Glin Ile Ala Val Tyr Pro 
5 OO 505 510 

His Lys Pro Arg Thr Glu Glu Glu Ile Pro Met Glu Pro Gly Asp Ile 
515 52O 525 

Ile Gly Val Ala Gly Asn His Trp Asp Gly Tyr Ser Lys Gly Ile Asn 
530 535 540 

Arg Lys Lieu Gly Lys Thr Gly Lieu. Tyr Pro Ser Tyr Lys Wall Arg Glu 
545 550 555 560 

Lys Ile Glu Thr Val Lys Tyr Pro Thr Tyr Pro Glu Ala Glu Lys 
565 570 575 

<210> SEQ ID NO 25 
&2 11s LENGTH 99 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 25 

caggaaacag citatgacgcg gcc.gcg acco citcaccatgg gttggagcct catcttgctc 60 

titcc ttgtcg citgttgctac gogtgtcc to tcc caggta 99 

<210> SEQ ID NO 26 
&2 11s LENGTH 98 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 26 

atgtgtagcc agaa.gc.cittg cagga catct tcact gaggc cccagocttic accagcticag 60 

cccCaggctg. citgcagttgt acctgggaca ggacacgc 98 

<210 SEQ ID NO 27 
&2 11s LENGTH 97 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 27 

caaggcttct ggctacacat ttaccagtta caatatgcac toggtaaaac agacaccitgg 60 

toggggcctg gaatggattg gagctattta toccgga 97 

<210> SEQ ID NO 28 
&2 11s LENGTH 99 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 
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<400 SEQUENCE: 28 

gtaggctgtg citggaggatt totctgcagt caatgttggcc ttgcc tittga acttctgatt 60 

gtaggaagta toaccatttc cqggataaat agctocaat 99 

<210 SEQ ID NO 29 
&2 11s LENGTH 99 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 29 

aatcct coag cacagoctac atgcagotca gcagoctdac atctgaggac totg.cggtot 60 

attact.gtgc aagatcg act tactacgg.cg gtgactogt 99 

<210 SEQ ID NO 30 
&2 11s LENGTH 98 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 30 

gtttitcc.cag to acgacggg cccttggtgg aggctgcaga gacggtgacc gtggtcc citg 60 

cgc.cccagac attgaagtac cagtcaccgc cqtagtaa 98 

<210> SEQ ID NO 31 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic 

DNA 

<400 SEQUENCE: 31 

gagctggtga agcCtggggc Ctcag 25 

<210> SEQ ID NO 32 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 32 

atggctcaag citc.ccgctaa gtgcc.cga 28 

<210 SEQ ID NO 33 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 33 

toaa.gc gttt go.gttggtoc to atgag 27 

May 13, 2004 
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<210> SEQ ID NO 34 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 34 

to cqgggatg gcdagatggg Caagc 25 

<210 SEQ ID NO 35 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 35 

cittgacatgg citctgggcto caag 24 

<210 SEQ ID NO 36 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 36 

ccactitcagt cqgtoggtag tattt 25 

<210 SEQ ID NO 37 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 37 

cgct caccc.g. cct gaggcga catg 24 

<210 SEQ ID NO 38 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 38 

ggcaggtgct gtcggtgagg to accatagt gc 32 

<210 SEQ ID NO 39 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 39 
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ggggcc atgc caaggacitat gtcg 24 

<210> SEQ ID NO 40 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 40 

atgtggct ga t gttacaaaa to atg 25 

<210> SEQ ID NO 41 
&2 11s LENGTH 1504 
&212> TYPE DNA 

<213> ORGANISM: Cricetulus griseus 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . (1119) 

<400 SEQUENCE: 41 

atg gCt cac got coc got agc toc cog agc toc agg aac tot ggg gac 48 
Met Ala His Ala Pro Ala Ser Cys Pro Ser Ser Arg Asn. Ser Gly Asp 

1 5 10 15 

ggc gat aag ggc aag ccc agg aag gtg gC g citc atc acg ggc atc acc 96 
Gly Asp Lys Gly Lys Pro Arg Lys Val Ala Lieu. Ile Thr Gly Ile Thr 

2O 25 30 

ggc cag gat ggc tica tac titg gCa gaa titc ctg. citg gag aaa gga tac 144 
Gly Glin Asp Gly Ser Tyr Lieu Ala Glu Phe Lieu Lleu Glu Lys Gly Tyr 

35 40 45 

gag gtt cat gga att gta cqg cqa toc agt to a titt aat aca ggit cqa 192 
Glu Val His Gly Ile Val Arg Arg Ser Ser Ser Phe Asn Thr Gly Arg 

5 O 55 60 

att gaa cat tta tat aag aat coa cag gCt cat att gaa gga aac atg 240 
Ile Glu His Leu Tyr Lys Asn Pro Glin Ala His Ile Glu Gly Asn Met 
65 70 75 8O 

aag ttg cac tat ggit gac citc acc gac agc acc toc cta gta aaa atc 288 
Lys Lieu. His Tyr Gly Asp Lieu. Thir Asp Ser Thr Cys Lieu Val Lys Ile 

85 90 95 

atc aat gala gtc. aaa cct aca gag atc tac aat citt got goc cag agc 336 
Ile Asn. Glu Val Lys Pro Thr Glu Ile Tyr Asn Lieu Gly Ala Glin Ser 

100 105 110 

cat gtc. aag att toc titt gac tta gca gag tac act gca gat gtt gat 384 
His Wall Lys Ile Ser Phe Asp Leu Ala Glu Tyr Thr Ala Asp Wall Asp 

115 120 125 

gga gtt ggc acc titg cqg citt citg gat gca att aag act tot ggc citt 432 
Gly Val Gly Thr Lieu Arg Lieu Lieu. Asp Ala Ile Lys Thr Cys Gly Lieu 

130 135 1 4 0 

ata aat tot gtg aag titc tac cag gCC to a act agt gaa citg tat gga 480 
Ile Asin Ser Val Lys Phe Tyr Glin Ala Ser Thr Ser Glu Leu Tyr Gly 
145 15 O 55 160 

aaa gtg caa gala ata ccc cag aaa gag acc acc cct titc tat coa agg 528 
Lys Val Glin Glu Ile Pro Gln Lys Glu Thir Thr Pro Phe Tyr Pro Arg 

1.65 170 175 

tog ccc tat gga gca gcc aaa citt tat gcc tat togg att gta gtgaac 576 
Ser Pro Tyr Gly Ala Ala Lys Leu Tyr Ala Tyr Trp Ile Val Val Asn 

18O 185 190 

titt cqa gag gCt tat aat citc titt gc g g to aac ggc att citc titc aat 624 
Phe Arg Glu Ala Tyr Asn Lieu Phe Ala Wall Asn Gly Ile Leu Phe Asn 
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195 200 2O5 

cat gag agt cot aga aga gga gCt aat titt gtt act c ga aaa att agc 672 
His Glu Ser Pro Arg Arg Gly Ala Asn. Phe Val Thr Arg Lys Ile Ser 

210 215 220 

cgg to a gta gCt aag att tac citt gga caa citg gaa tot titc agt ttg 720 
Arg Ser Val Ala Lys Ile Tyr Lieu Gly Glin Leu Glu Cys Phe Ser Lieu 
225 230 235 240 

gga aat citg gac goc aaa cqa gac to g g g c cat gcc aag gac tat gtc 768 
Gly Asn Lieu. Asp Ala Lys Arg Asp Trp Gly His Ala Lys Asp Tyr Val 

245 250 255 

gag gCt at g tog citg atg tta caa aat gat gaa cca gag gac titt gtc 816 
Glu Ala Met Trp Leu Met Leu Glin Asn Asp Glu Pro Glu Asp Phe Val 

260 265 27 O 

ata gCt act ggg gaa gtt cat agt gtc. c.gt gala titt gtt gag aaa to a 864 
Ile Ala Thr Gly Glu Val His Ser Val Arg Glu Phe Val Glu Lys Ser 

275 280 285 

titc at g cac att goa aag acc att gtg tog gaa goa aag aat gala aat 912 
Phe Met His Ile Gly Lys Thr Ile Val Trp Glu Gly Lys Asn Glu Asn 

29 O 295 3OO 

gala gt g g g c aga tigt aaa gag acc ggc aaa att cat gtg act gtg gat 96.O 
Glu Val Gly Arg Cys Lys Glu Thr Gly Lys Ile His Val Thr Val Asp 
305 310 315 320 

citg aaa tac tac cqa coa act gala gtg gac titc citg cag gga gac toc OO 8 
Leu Lys Tyr Tyr Arg Pro Thr Glu Val Asp Phe Leu Glin Gly Asp Cys 

325 330 335 

toc aag gCg cag cag aaa citg aac togg aag coc cqc gtt goc titt gac O56 
Ser Lys Ala Glin Glin Lys Lieu. Asn Trp Llys Pro Arg Val Ala Phe Asp 

340 345 350 

gag citg gtg agg gag atg gtg Caa gCC gat gtg gag citc atg aga acc 104 
Glu Leu Val Arg Glu Met Val Glin Ala Asp Val Glu Leu Met Arg Thr 

355 360 365 

aac coc aac goc to a gcaccitctac aaaaaaattic go.gaga.cat g g actato.gtg 1.59 
Asn Pro Asn Ala 

370 

cagagc.ca.gc caaccagagt coagccactc ctdag accat cqaccataaa cccitcgactg 219 

cctgttgtc.gt coccacagot aagagctggg ccacaggttt gtggg cacca ggacggggac 279 

actccagagc taaggccact tcgcttttgt caaaggctoc totcaatgat tittgggaaat 339 

caagaagttt aaaatcacat acticatttta cittgaaatta totcactaga caacttaaat 399 

ttittgagtct tdagattgtt tittctotttt cittattaaat gatctittcta td accoag.ca 459 

aaaaaaaaaa aaaaaaggga tataaaaaaa aaaaaaaaaa aaaaa 504 

<210> SEQ ID NO 42 
&2 11s LENGTH 17 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 42 

gccatccaga aggtggit 17 

<210> SEQ ID NO 43 
&2 11s LENGTH 17 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 43 

gtottgtcag ggaagat 17 

<210> SEQ ID NO 44 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 44 

ggcaggagac caccittgcga gtgcc cac 28 

<210> SEQ ID NO 45 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 45 

gggtgggctg taccttctgg aac agggc 28 

<210> SEQ ID NO 46 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 46 

ggcgctggct taccCggaga ggaatggg 28 

<210> SEQ ID NO 47 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 47 

ggaatgggtg tttgtc.tcct coaaagatgc 30 

<210> SEQ ID NO 48 
&2 11s LENGTH 1316 
&212> TYPE DNA 
<213> ORGANISM: Cricetulus griseus 

<400 SEQUENCE: 48 

gcc.ccgc.ccc citccaccitgg accga gagta gctggagaat totgcaccgg aagtagctot 60 

tggactggtg galaccctg.cg caggtgcago aacaatgggit gag cc cc agg gatcCaggag 120 

gatcc tagtg acagggggct citggactggt ggg cagagct atccagaagg togtogcaga 18O 

tggcgctggc titaccc.ggag aggaatgggt gtttgtc.tcc tocaaagatg cagatctgac 240 
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ggatgcagoa caaaccolaag ccctgttcca galaggtacag cccacccatgtcatcCatct 3OO 

tgctgcaatg gtaggaggcc tttitc.cggaa tatcaaatac alacttggatt totggaggaa 360 

gaatgtgcac atcaatgaca acgtoctoca citcagotttc gaggtgggca citc.gcaaggt 420 

ggtotcctgc citgtccacct gitatctitccc tdacaag acc accitatccta ttgatgaaac 480 

aatgatccac aatggtocac cccacagoag caattittggg tactcgitat g c caagaggat 540 

gattgacgtg cagaac aggg cct actitcca gcago atggc tigcacct to a citgctgtcat 600 

ccctaccalat gtc.tttggac citcatgacaa cittcaa.catt galagatggcc atgtgct gcc 660 

tggcct catc catalaggtgc atctggccaa gagtaatggit to agccttga citgtttgggg 720 

tacagg galaa ccacggaggc agttcatcta citcactggac ctagoccggc ticttcatctg 78O 

ggtoctogc gg gagtacaatg aagttgagcc catcatcc to tcagtggg.cg aggaagatga 840 

agtc.tc catt aag gaggcag citgaggctgt agtggaggcc atggacittct gtggggaagt 9 OO 

cacttittgat tdaacaaagt cagatgggca gtataagaag acago cagoa atggcaa.gct 96.O 

togggcctac ttgcct gatt toc gtttcac accottcaag caggctgtga aggag acctg 1020 

tgcc to gttc accgacaact atgag caggc ccggaagtga agcatgggac aag.cgggtgc 1080 

to agctggca atgcc.cag to agtaggctgc agt citcatca tttgcttgtc. aagaact gag 1140 

gacagtatcc agcaacct ga gcc acatgct ggtotcitctg. ccagggggct tcatgcago c 1200 

atccagtagg gcc catgttt gtc. catcc to gggggaaggc cagaccaa.ca ccttgtttgt 1260 

citgcttctgc cccaacctica gtgcatccat gctggtoct9 citgtc.ccttgtctaga 1316 

<210 SEQ ID NO 49 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 49 

gatcctgctg g gaccaaaat togg 23 

<210 SEQ ID NO 50 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 50 

cittaa.catcc caagggatgc tig 22 

<210 SEQ ID NO 51 
&2 11s LENGTH 1965 
&212> TYPE DNA 
<213> ORGANISM: Cricetulus griseus 

<400 SEQUENCE: 51 

acggggggct CCC ggaag.cg gggaCCatgg cqtctctg.cg cqaag.cgagc Ctgcggaagic 60 

tgcggcgctt titcc.gagatg a gaggcaaac citgtggcaac toggaaattic toggatgtag 120 

ttgtaataac agcagotgac gaaaag.cagg agcttgctta caa.gcaa.cag ttgtcggaga 18O 
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agctgaagag aaagga attg ccc cittggag ttalactacca totttitcact gatcc to citg 240 

galaccaaaat toggaaatgga ggatcaacac tttgttctot toagtgcct g gaaag.ccitct 3OO 

atggagacaa gtggaatticc titcacagtcc totta attca citctggtggc tacagtcaac 360 

gactitc.ccaa togcaa.gc.gct ttaggaaaaa tottcacggc tittaccactt gotgagcc.ca 420 

tittatcagat gttggacitta aaactago ca totacatgga titt.ccc.cto a cqcatgaagc 480 

citggagttitt got cacct gt gcagatgata ttgaactata cago attgg g g actotgagt 540 

ccattgcatt tag cago cit ggctt tactg. ccctagocca to catctagt ctogctgtag 600 

gcaccacaca toggagtattt gtattggact citgcc.ggttc tittgcaa.cat ggtgacctag 660 

agtacaggca atgccaccgt titcct coata agcc.ca.gcat tdaaaac at g caccactitta 720 

atgcc.gtgca tag act agga agctttgg to aac aggacitt gagtgggggt gacaccacct 78O 

gtdatccatt gcactctgag tatgtctaca cagatagoct attittacatg gatcataaat 840 

cago caaaaa got acttgat ttctatoa aa gtgtagg.ccc actgaactgt gaaatagatg 9 OO 

ccitatggtga citttctgcag goactgggac citggagcaac to cagagtac accaagaa.ca 96.O 

ccitcacacgt cactaaagag gaatcacact tottggacat gaggcagaaa atattoccacc O20 

toctoaaggg aac accoctd aatgttgttg toctitaataa citccaggittt tatcacattg O8O 

gaacaacgga ggagtatctg. citacatttca citt.ccaatgg titcgttacag goaga.gctogg 14 O 

gcttgcaatc catagotttc agtgtc.tttc caaatgtgcc tdaag acto c catgagaaac 200 

cctgttgtcat toacagoatc ctgaattcag gatgctgttgt gg.cccctggc ticagtgg tag 260 

aatatto.cag attagg acct gaggtgtc.ca totcggaaaa citgcattatc agcggttctg 320 

toatagaaaa agctgttctg. ccc.ccatgtt cittitcgtgtg citctttalagt gtggagataa 38O 

atggacactt agaatattoa act at ggtgt ttggcatgga agacaactitg aagaacagtg 4 40 

ttaaaaccat atcagatata aagatgctitc agttctittgg agtctgtttc citg acttgtt 5 OO 

tagatatttg galaccittaaa gotiatggaag alactatttitc aggaagtaag acgcagotga 560 

gcctgtggac togctcgaatt titc.cctgtct gttcttctot gagtgagtog gttgcagoat 62O 

cc cittgggat gttaaatgcc attcgaalacc attc.gc.catt cagoctoagc aacttcaagc 680 

tgctgtc.cat coaggaaatg cittct citgca aagatgtagg agacatgctt gcttacaggg 740 

agcaactcitt totagaaatc agttcaaaga gaaaa.ca.gto to attcggag aaatcttaaa 800 

tacaatggat tittgcctgga aac aggattg caaatgcagg catattoitat agatctotgg 860 

gttcttctitt citttctoccc totctoctitt cotttccctt to atgtaatg acaaaggtaa 920 

aaatggccac ttctgatgga aaaaaaaaaa aaaaaaaaaa aaaaa 965 

<210> SEQ ID NO 52 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 52 

Caggggtgtt CCCttgagga ggtggaa 27 

<210 SEQ ID NO 53 
&2 11s LENGTH 27 
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&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 53 

cactgagcca ggggcc acac agcatcc 27 

<210> SEQ ID NO 54 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 54 

cc ccto acgc atgaag ccto gag 23 

<210 SEQ ID NO 55 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 55 

tgccaccgtt toctocataa goccago 27 

<210 SEQ ID NO 56 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 56 

atgaagttgc actato.gtga cct ca 25 

<210 SEQ ID NO 57 
&2 11s LENGTH 59 
&212> TYPE DNA 
<213> ORGANISM: Cricetulus griseus 

<400 SEQUENCE: 57 

cc.gacago ac citgcctagta aaaatcatca atgaagt caa acctacagag atctacaat 59 

<210 SEQ ID NO 58 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 58 

gacittagcag agtacactgc agatg 25 

<210 SEQ ID NO 59 
&2 11s LENGTH 25 
&212> TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA 

<400 SEQUENCE: 59 

accittggata gaaaggggtg gtc.tc 25 

<210 SEQ ID NO 60 
&2 11s LENGTH 125 
&212> TYPE DNA 
<213> ORGANISM: Cricetulus griseus 

<400 SEQUENCE: 60 

ttgatggagt togcaccittg cqgcttctgg atgcaattaa gacittgttggc cittataaatt 60 

citgttgaagtt citaccaggcc toaac tagtgaactgitatgg aaaagtgcaa gaaataccc.c 120 

agaaa 125 

<210> SEQ ID NO 61 
&2 11s LENGTH 372 
&212> TYPE PRT 

<213> ORGANISM: Cricetulus griseus 

<400 SEQUENCE: 61 

Met Ala His Ala Pro Ala Ser Cys Pro Ser Ser Arg Asn. Ser Gly Asp 
1 5 10 15 

Gly Asp Lys Gly Lys Pro Arg Lys Val Ala Leu Ile Thr Gly Ile Thr 
2O 25 30 

Gly Glin Asp Gly Ser Tyr Lieu Ala Glu Phe Lieu Lleu Glu Lys Gly Tyr 
35 40 45 

Glu Val His Gly Ile Val Arg Arg Ser Ser Ser Phe Asn Thr Gly Arg 
5 O 55 60 

Ile Glu His Leu Tyr Lys Asn Pro Glin Ala His Ile Glu Gly Asn Met 
65 70 75 8O 

Lys Lieu. His Tyr Gly Asp Lieu. Thir Asp Ser Thr Cys Lieu Val Lys Ile 
85 90 95 

Ile Asn. Glu Val Lys Pro Thr Glu Ile Tyr Asn Lieu Gly Ala Glin Ser 
100 105 110 

His Wall Lys Ile Ser Phe Asp Leu Ala Glu Tyr Thr Ala Asp Wall Asp 
115 120 125 

Gly Val Gly Thr Lieu Arg Lieu Lieu. Asp Ala Ile Lys Thr Cys Gly Lieu 
130 135 1 4 0 

Ile Asin Ser Val Lys Phe Tyr Glin Ala Ser Thr Ser Glu Leu Tyr Gly 
145 15 O 155 160 

Lys Val Glin Glu Ile Pro Gln Lys Glu Thir Thr Pro Phe Tyr Pro Arg 
1.65 170 175 

Ser Pro Tyr Gly Ala Ala Lys Leu Tyr Ala Tyr Trp Ile Val Val Asn 
18O 185 190 

Phe Arg Glu Ala Tyr Asn Lieu Phe Ala Wall Asn Gly Ile Leu Phe Asn 
195 200 2O5 

His Glu Ser Pro Arg Arg Gly Ala Asn. Phe Val Thr Arg Lys Ile Ser 
210 215 220 

Arg Ser Val Ala Lys Ile Tyr Lieu Gly Glin Leu Glu Cys Phe Ser Lieu 
225 230 235 240 
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Gly Asn Lieu. Asp Ala Lys Arg Asp Trp Gly His Ala Lys Asp Tyr Val 
245 250 255 

Glu Ala Met Trp Leu Met Leu Glin Asn Asp Glu Pro Glu Asp Phe Val 
260 265 27 O 

Ile Ala Thr Gly Glu Val His Ser Val Arg Glu Phe Val Glu Lys Ser 
275 280 285 

Phe Met His Ile Gly Lys Thr Ile Val Trp Glu Gly Lys Asn Glu Asn 
29 O 295 3OO 

Glu Val Gly Arg Cys Lys Glu Thr Gly Lys Ile His Val Thr Val Asp 
305 310 315 320 

Leu Lys Tyr Tyr Arg Pro Thr Glu Val Asp Phe Leu Glin Gly Asp Cys 
325 330 335 

Ser Lys Ala Glin Glin Lys Lieu. Asn Trp Llys Pro Arg Val Ala Phe Asp 
340 345 350 

Glu Leu Val Arg Glu Met Val Glin Ala Asp Val Glu Leu Met Arg Thr 
355 360 365 

Asn Pro Asn Ala 
370 

<210> SEQ ID NO 62 
<211& LENGTH 321 
&212> TYPE PRT 

<213> ORGANISM: Cricetulus griseus 

<400 SEQUENCE: 62 

Met Gly Glu Pro Gln Gly Ser Arg Arg Ile Leu Val Thr Gly Gly Ser 
1 5 10 15 

Gly Lieu Val Gly Arg Ala Ile Glin Lys Val Val Ala Asp Gly Ala Gly 
2O 25 30 

Leu Pro Gly Glu Glu Trp Val Phe Val Ser Ser Lys Asp Ala Asp Lieu 
35 40 45 

Thr Asp Ala Ala Gln Thr Glin Ala Leu Phe Gln Lys Val Glin Pro Thr 
5 O 55 60 

His Val Ile His Leu Ala Ala Met Val Gly Gly Lieu Phe Arg Asn. Ile 
65 70 75 8O 

Lys Tyr Asn Lieu. Asp Phe Trp Arg Lys Asn. Wal His Ile Asn Asp Asn 
85 90 95 

Val Leu. His Ser Ala Phe Glu Val Gly Thr Arg Lys Val Val Ser Cys 
100 105 110 

Leu Ser Thr Cys Ile Phe Pro Asp Llys Thr Thr Tyr Pro Ile Asp Glu 
115 120 125 

Thr Met Ile His Asn Gly Pro Pro His Ser Ser Asn Phe Gly Tyr Ser 
130 135 1 4 0 

Tyr Ala Lys Arg Met Ile Asp Val Glin Asn Arg Ala Tyr Phe Glin Glin 
145 15 O 155 160 

His Gly Cys Thr Phe Thr Ala Val Ile Pro Thr Asn Val Phe Gly Pro 
1.65 170 175 

His Asp Asn. Phe Asn. Ile Glu Asp Gly. His Val Lieu Pro Gly Lieu. Ile 
18O 185 190 

His Lys Wal His Leu Ala Lys Ser Asn Gly Ser Ala Lieu. Thr Val Trp 
195 200 2O5 

Gly Thr Gly Lys Pro Arg Arg Glin Phe Ile Tyr Ser Lieu. Asp Leu Ala 
210 215 220 
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Arg Leu Phe Ile Trp Val Leu Arg Glu Tyr Asn Glu Val Glu Pro Ile 
225 230 235 240 

Ile Leu Ser Val Gly Glu Glu Asp Glu Val Ser Ile Lys Glu Ala Ala 
245 250 255 

Glu Ala Val Val Glu Ala Met Asp Phe Cys Gly Glu Val Thr Phe Asp 
260 265 27 O 

Ser Thr Lys Ser Asp Gly Glin Tyr Lys Lys Thr Ala Ser Asn Gly Lys 
275 280 285 

Leu Arg Ala Tyr Leu Pro Asp Phe Arg Phe Thr Pro Phe Lys Glin Ala 
29 O 295 3OO 

Wall Lys Glu Thir Cys Ala Trp Phe Thr Asp Asn Tyr Glu Glin Ala Arg 
305 310 315 320 

Lys 

<210 SEQ ID NO 63 
&2 11s LENGTH 590 
&212> TYPE PRT 
<213> ORGANISM: Cricetulus griseus 

<400 SEQUENCE: 63 

Met Ala Ser Lieu Arg Glu Ala Ser Lieu Arg Lys Lieu Arg Arg Phe Ser 
1 5 10 15 

Glu Met Arg Gly Lys Pro Val Ala Thr Gly Lys Phe Trp Asp Val Val 
2O 25 30 

Val Ile Thr Ala Ala Asp Glu Lys Glin Glu Lieu Ala Tyr Lys Glin Glin 
35 40 45 

Leu Ser Glu Lys Lieu Lys Arg Lys Glu Lieu Pro Leu Gly Wall Asn Tyr 
5 O 55 60 

His Val Phe Thr Asp Pro Pro Gly Thr Lys Ile Gly Asn Gly Gly Ser 
65 70 75 8O 

Thr Lieu. Cys Ser Leu Gln Cys Lieu Glu Ser Leu Tyr Gly Asp Llys Trp 
85 90 95 

Asn Ser Phe Thr Val Leu Leu Ile His Ser Gly Gly Tyr Ser Glin Arg 
100 105 110 

Leu Pro Asn Ala Ser Ala Leu Gly Lys Ile Phe Thr Ala Lieu Pro Leu 
115 120 125 

Gly Glu Pro Ile Tyr Gln Met Lieu. Asp Leu Lys Lieu Ala Met Tyr Met 
130 135 1 4 0 

Asp Phe Pro Ser Arg Met Lys Pro Gly Val Leu Val Thr Cys Ala Asp 
145 15 O 155 160 

Asp Ile Glu Lieu. Tyr Ser Ile Gly Asp Ser Glu Ser Ile Ala Phe Glu 
1.65 170 175 

Gln Pro Gly Phe Thr Ala Leu Ala His Pro Ser Ser Leu Ala Val Gly 
18O 185 190 

Thir Thr His Gly Val Phe Val Leu Asp Ser Ala Gly Ser Leu Gln His 
195 200 2O5 

Gly Asp Leu Glu Tyr Arg Glin Cys His Arg Phe Lieu. His Lys Pro Ser 
210 215 220 

Ile Glu Asn Met His His Phe Asn Ala Val His Arg Leu Gly Ser Phe 
225 230 235 240 

Gly Glin Glin Asp Leu Ser Gly Gly Asp Thir Thr Cys His Pro Lieu. His 
245 250 255 
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Glu Wall 
260 

Thr Leu Phe 
265 

Ser Asp Ser 

Ala Phe Glu Wall Pro 
285 

Lys Lieu Lieu Ser 
275 

Asp Tyr 
280 

Gly 

Glu Ile 
29 O 

Ala Phe Glin Ala Lieu Asp Gly Asp Telu 
295 

Gly 

Wall 
315 

Thr His Thr 
305 

Ala Glu Thr Lys Asn Thr Ser 
310 

Met His Leu Lieu 
325 

Glin Ile Phe 
330 

His Lieu Lieu. Asp Arg 

Wall 
340 

Wal Wall Asn. Ser Phe 
345 

Pro Telu Asn Teu Asn Arg 

His Phe Thir Ser Asn 
360 

Thir Thr Glu 
355 

Glu Teu Teu Gly 
365 

Ala Glu 
370 

Glin Ile Ala Phe Wall Ser Ser Phe 
375 

Leu Gly Lieu 

Glu His Ser 
390 

Wall Ile 
395 

Pro Glu Ser His Pro 
385 

Asp 

Wall 
405 

Ala Wall 
410 

Ser Gly Pro Gly Ser Wall Glu 

Glu Wall 
420 

Gly Ile Glu Asn Ile Ile Ser 
425 

Pro Ser Ser 

Ile Glu Ala Wall Pro Ser Phe Wall 
4 40 

Lys Leu Pro 
435 

Cys 
4 45 

Glu Thr Met 
460 

Teu Ser Wall 
455 

Wall Glu His 
450 

Ile Asin Gly 

Glu 
465 

Wall Thir Ile 
475 

Asn. Ser Ser 
470 

Asp Asn Lieu Asp 

Glin Phe Phe Wall Phe Thr 
490 

Teu Gly Telu Teu 
485 

Asp 

Ala Met 
5 OO 

Glu Glu Phe Ser Ser Thr 
505 

Teu Teu Gly 

Thr 
515 

Ala Ile Phe Wall Teu 
525 

Leu Trp Arg Ser Ser 
52O 

Wall Ala 
530 

Ala Met 
535 

Ser Leu Gly Lieu. Asn Ala Ile Arg Asn 
540 

Phe 
545 

Phe 
550 

Ile 
555 

Ser Lieu. Ser Asn Lieu Lleu Ser Glin Glu 

Asp Val Gly Met Ala Glu Glin 
565 

Asp Lel Tyr 
570 

Arg 

Glu Ile Glin Ser Ser Glu 
585 

Ser 
58O 

Ser Arg Asp 

27/36 

What is claimed is: 

1. A cell which produces an antibody composition com 
prising an antibody molecule which specifically binds to 
CD20 and has complex N-glycoside-linked Sugar chains 
bound to the Fc region, wherein among the total complex 
N-glycoside-linked Sugar chains bound to the Fc region in 
the composition, the ratio of a Sugar chain in which fucose 

Met Asp His Lys 
27 O 

Teu 

Pro 

Glu 

His 
350 

Ser 

Pro 

Ile 

Ser 

Gly 
430 

Ser 

Phe 

Ile 

Ile 

Glin 
510 

Ser 

His 

Met 

Teu 

Ser 
59 O 

Ser 

Asn. Cys 

Gly Ala 

Glu Ser 
320 

Gly Thr 
335 

Ile Gly 

Glin Telu 

Asn Wall 

Asn 
400 

Telu 

Arg Lieu 
415 

Ser Wall 

Leu Ser 

Gly Met 

Met 
480 

Trp Asn 
495 

Teu Ser 

Glu Ser 

Pro Ser 

Telu 
560 

Telu 

Phe 
575 

Telu 

is not bound to N-acetylglucosamine in the reducing end in 
the Sugar chain is 20% or more. 

2. The cell according to claim 1, wherein the Sugar chain 
to which fucose is not bound is a complex N-glycoside 
linked Sugar chain in which 1-position of fucose is not bound 
to 6-position of N-acetylglucosamine in the reducing end 
through C-bond. 



US 2004/0093621 A1 

3. The cell according to claim 1 or 2, wherein the activity 
of an enzyme relating to the Synthesis of an intracellular 
Sugar nucleotide, GDP-fucose, and/or the activity of an 
enzyme relating to the modification of a Sugar chain in 
which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain is decreased or 
deleted. 

4. The cell according to claim 3, wherein the enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose is an enzyme Selected from the group consist 
ing of the following (a), (b) and (c): 

(a) GMD (GDP-mannose 4,6-dehydratase); 
(b) FX (GDP-keto-6-deoxymannose 3.5-epimerase, 4-re 

ductase); 
(c) GFPP (GDP-beta-L-fucose pyrophosphorylase). 
5. The cell according to claim 4, wherein the GMD is a 

protein encoded by a DNA of the following (a) or (b) 
(a) a DNA comprising the nucleotide sequence repre 

sented by SEQ ID NO:41; 
(b) a DNA which hybridizes with the DNA consisting of 

the nucleotide sequence represented by SEQID NO:41 
under Stringent conditions and encodes a protein having 
GMD activity. 

6. The cell according to claim 4, wherein the GMD is a 
protein Selected from the group consisting of the following 
(a), (b) and (c): 

(a) a protein comprising the amino acid sequence repre 
sented by SEQ ID NO:61; 

(b) a protein which consists of an amino acid sequence in 
which at least one amino acid is deleted, Substituted, 
inserted and/or added in the amino acid Sequence 
represented by SEQ ID NO:61 and has GMD activity; 

(c) a protein which consists of an amino acid Sequence 
having a homology of at least 80% with the amino acid 
sequence represented by SEQID NO:61 and has GMD 
activity. 

7. The cell according to claim 4, wherein the FX is a 
protein encoded by a DNA of the following (a) or (b): 

(a) a DNA comprising the nucleotide sequence repre 
sented by SEQ ID NO:48; 

(b) a DNA which hybridizes with the DNA consisting of 
the nucleotide sequence represented by SEQ. ID NO:48 
under Stringent conditions and encodes a protein having 
Fx activity. 

8. The cell according to claim 4, wherein the FX is a 
protein Selected from the group consisting of the following 
(a), (b) and (c): 

(a) a protein comprising the amino acid sequence repre 
sented by SEQ ID NO:62; 

(b) a protein which consists of an amino acid sequence in 
which at least one amino acid is deleted, Substituted, 
inserted and/or added in the amino acid Sequence 
represented by SEQ ID NO:62 and has FX activity; 

(c) a protein which consists of an amino acid Sequence 
having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:62 and has FX 
activity. 
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9. The cell according to claim 4, wherein the GFPP is a 
protein encoded by a DNA of the following (a) or (b): 

(a) a DNA comprising the nucleotide Sequence repre 
sented by SEQ ID NO:51; 

(b) a DNA which hybridizes with the DNA consisting of 
the nucleotide sequence represented by SEQID NO:51 
under Stringent conditions and encodes a protein having 
GFPP activity. 

10. The cell according to claim 4, wherein the GFPP is a 
protein Selected from the group consisting of the following 
(a), (b) and (c): 

(a) a protein comprising the amino acid sequence repre 
sented by SEQ ID NO:63; 

(b) a protein which consists of an amino acid sequence in 
which at least one amino acid is deleted, Substituted, 
inserted and/or added in the amino acid Sequence 
represented by SEQED NO:63 and has GFPP activity; 

(c) a protein which consists of an amino acid Sequence 
having a homology of at least 80% P with the amino 
acid sequence represented by SEQ ID NO:63 and has 
GFPP activity. 

11. The cell according to claim 3, wherein the enzyme 
relating to the modification of a Sugar chain in which 
1-position of fucose is bound to 6-position of the N-acetyl 
glucosamine in the reducing end through at-bond in the 
complex N-glycoside-linked Sugar chain is C.1,6-fucosyl 
transferase. 

12. The cell according to claim 11, wherein the C.1,6- 
fucosyltransferase is a protein encoded by a DNA of the 
following (a), (b), (c) and (d); 

(a) a DNA comprising the nucleotide Sequence repre 
sented by SEQ ID NO:1; 

(b) a DNA comprising the nucleotide Sequence repre 
sented by SEQ ID NO:2; 

(c) a DNA which hybridizes with the DNA consisting of 
the nucleotide sequence represented by SEQ ID NO:1 
under Stringent conditions and encodes a protein having 
C1,6-fucosyltransferase activity; 

(d) a DNA which hybridizes with the DNA consisting of 
the nucleotide sequence represented by SEQ ID NO:2 
under Stringent conditions and encodes a protein having 
c1,6-fucosyltransferase activity. 

13. The cell according to claim 1, wherein the C.1,6- 
fucosyltransferase is a protein Selected from the group 
consisting of the following (a), (b), (c), (d), (e) and (f): 

(a) a protein comprising the amino acid sequence repre 
sented by SEQ ID NO:23; 

(b) a protein comprising the amino acid sequence repre 
sented by SEQ ID NO:24; 

(c) a protein which consists of an amino acid sequence in 
which at least one amino acid is deleted, Substituted, 
inserted and/or added in the amino acid Sequence 
represented by SEQ ID NO:23 and has C. 1,6-fucosyl 
transferase activity; 

(d) a protein which consists of an amino acid sequence in 
which at least one amino acid is deleted, Substituted, 
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inserted and/or added in the amino acid Sequence 
represented by SEQ D NO:24 and has C. 1,6-fucosyl 
transferase activity; 

(e) a protein which consists of an amino acid Sequence 
having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:23 and has C.1,6- 
fucosyltransferase activity; 

(f) a protein which consists of an amino acid Sequence 
having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:24 and has C.1,6- 
fucosyltransferase activity. 

14. The cell according to any one of claims 3 to 13, 
wherein the enzyme activity is decreased or deleted by a 
technique Selected from the group consisting of the follow 
ing (a), (b), (c), (d) and (e): 

(a) a gene disruption technique targeting a gene encoding 
the enzyme; 

(b) a technique for introducing a dominant negative 
mutant of a gene encoding the enzyme; 

(c) a technique for introducing mutation into the enzyme; 
(d) a technique for inhibiting transcription or translation 

of a gene encoding the enzyme, 

(e) a technique for Selecting a cell line resistant to a lectin 
which recognizes a Sugar chain in which 1-position of 
fucose is bound to 6-position of-N-acetylglucosamine 
in the reducing end through C-bond in the complex 
N-glycoside-linked sugar chain. 

15. The cell according to any one of claims 1 to 14, which 
is resistant to at least a lectin which recognizes a Sugar chain 
in which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the complex N-glycoside-linked Sugar chain. 

16. The cell according to any one of claims 1 to 15, which 
is a cell Selected from the group consisting of the following 
(a) to (j): 

(a) a CHO cell derived from a Chinese hamster ovary 
tissue; 

(b) a rat myeloma cell line, YB2/3HL.P2.G11.16Ag:20 
cell; 

(c) a mouse myeloma cell line, NS0 cell; 
(d) a mouse myeloma cell line, SP2/0Ag14 cell; 
(e) a BHK cell derived from a syrian hamster kidney 

tissue; 

(f) a monkey COS cell; 
(g) an antibody-producing hybridoma cell; 

(h) a human leukemia cell line, Namalwa cell; 
(i) an embryonic stem cell; 
(i) a fertilized egg cell. 
17. A transgenic non-human animal or plant or the prog 

enies thereof into which an antibody molecule which Spe 
cifically binds to CD20 and has complex N-glycoside-linked 
Sugar chains bound to the Fc region is introduced, which 
produces an antibody composition comprising the antibody 
molecule, wherein among the total complex N-glycoside 
linked Sugar chains bound to the Fc region in the composi 

76 
May 13, 2004 

tion, the ratio of a Sugar chain in which fucose is not bound 
to N-acetylglucosamine in the reducing end in the Sugar 
chain is 20% or more. 

18. The transgenic non-human animal or plant or the 
progenies thereof according to claim 17, wherein the Sugar 
chain in which fucose is not bound to N-acetylglucosamine 
is a Sugar chain in which 1-position of the fucose is not 
bound to 6-position of N-acetylglucosamine in the reducing 
end through C-bond in the N-glycoside-linked Sugar chain. 

19. The transgenic non-human animal or plant or the 
progenies thereof according to claim 17 or 18, wherein a 
genome is modified Such that the activity of an enzyme 
relating to the Synthesis of an intracellular Sugar nucleotide, 
GDP-fucose and/or the activity of an enzyme relating to the 
modification of a Sugar chain in which 1-position of fucose 
is bound to 6-position of N-acetylglucosamine in the reduc 
ing end through C-bond in the N-glycoside-linked Sugar 
chain is decreased. 

20. The transgenic non-human animal or plant or the 
progenies thereof according to claim 17 or 18, wherein a 
gene encoding the enzyme relating to the Synthesis of an 
intracellular Sugar nucleotide, GDP-fucose, and/or a gene 
encoding the enzyme relating to the modification of a Sugar 
chain in which 1-position of fucose is bound to 6-position of 
N-acetylglucosamine in the reducing end through C-bond in 
the N-glycoside-linked Sugar chain is knocked out. 

21. The transgenic non-human animal or plant or the 
progenies thereof according to claim 19 or 20, wherein the 
enzyme relating to the Synthesis of an intracellular Sugar 
nucleotide, GDP-fucose is an enzyme selected from the 
group consisting of the following (a), (b) and (c): 

(a) GMD (GDP-mannose 4,6-dehydratase); 
(b) FX (GDP-keto-6-deoxymannose 3.5-epimerase, 4-re 

ductase); 
(c) GFPP (GDP-beta-L-fucose pyrophosphorylase). 
22. The transgenic non-human animal or plant or the 

progenies thereof according to claim 21, wherein the GMD 
is a protein encoded by a DNA of the following (a) or (b): 

(a) a DNA comprising the nucleotide Sequence repre 
sented by SEQ ID NO:41; 

(b) a DNA which hybridizes with the DNA consisting of 
the nucleotide sequence represented by SEQID NO:41 
under Stringent conditions and encodes a protein having 
GMD activity. 

23. The transgenic non-human animal or plant or the 
progenies thereof according to claim 21, wherein the FX is 
a protein encoded by a DNA of the following 

(a) or (b): 
(a) a DNA comprising the nucleotide Sequence repre 

sented by SEQ ID NO:48; 
(b) a DNA which hybridizes with the DNA consisting of 

the nucleotide sequence represented by SEQID NO:48 
under Stringent conditions and encodes a protein having 
Fx activity. 

24. The transgenic non-human animal or plant or the 
progenies thereof according to claim 21, wherein the GFPP 
is a protein encoded by a DNA of the following (a) or (b): 

(a) a DNA comprising the nucleotide Sequence repre 
sented by SEQ ID NO:51; 






